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ABSTRACT
The overall aim of this study is an attempt to apply the techniques 
of training employed in areas such as sonar detection and vigilance to 
stimuli found in inspection tasks.
Three laboratory experiments are presented simulating an inspection 
task taken as an example from a factory in Algeria: the inspection of razor 
blades.
The first experiment clearly demonstrates the effectiveness of 
Knowledge of Results technique in producing a stable level of performance 
efficiency in detections, while Cueing technique and a combination of the 
two techniques did not prove to be effective when the training aids were 
completely removed. However, the Knowledge of Results group produced 
more false alarms than the Cueing groups, but its rate was reduced and 
reached a low level in the transfer test. The effectiveness of Knowledge 
of Results in the inspection task was interpreted in terms of its informational 
aspects.
The second experiment was concerned with the relative value of the 
amount of information provided to subjects. The Full Knowledge of Results 
group detected more defects than the Partial Knowledge of Results group 
(who lacks information about missed defects). Concerning false alarms, the 
Full KR also performed better than Partial KR by producing fewer false 
alarms. Thus, the use of Full Knowledge of Results in training subjects 
for inspection tasks was found to be beneficial.
Despite an improved overall efficiency in performance, it was 
noticed that there was a decline when transferring to sessions without 
training aids. This suggested that subjects could become cue- 
dependent. Two further questions were, therefore, investigated; 
first, the effect of fading technique (reducing systematically the 
amount of information throughout training), second, the introduction 
of a cognitive pre-training as a preparatory phase to training.
Groups receiving only fading technique did not perform better than 
those where a cognitive pre-training has preceded this technique. It 
emerged from this third experiment that the cognitive pre-training is 
useful in training subjects to perform an inspection task.
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CHAPTER ONE
1.0 INTRODUCTION
Since man has started to make tools, he has always examined them to 
determine their fitness for use. However, large scale industrial inspection 
of products is of relatively recent origin.. It arose as a result of 
problems occasioned by mass production, which brought about a need for 
interchangeable parts. These components and parts in production must be 
inspected for proper dimensions, finish, malprocessing and accidental 
injury. Customers demand often that products be free of defects. This 
can be achieved only by 100% inspection, unfortunately.this level is 
often not reached.
Workers in the field of industrial inspection have adopted a variety 
of approaches to study the problem of ways of improving the inspection of 
finished products. This research is only concerned with aspects of 
training for inspection which remains a poorly understood area of human 
performance. It is useful, however, to show how data from a number of 
research areas contribute towards the goal of improving those aspects of 
a quality control system in which human beings play a predominant role.
The aim is to provide a usable body of information on the factors known 
to affect inspection. The utility of this approach is that it brings 
together research from a number of disparate areas in such a way that 
their effect on the inspection function can be clearly seen and some 
insights gained into the ways they may interact.
In preparing the study, an attempt has been made to simulate as 
near as possible the critical features of a real-life task. The example
came from a factory in Algeria which is producing razor blades called 
"Safir”. The findings of experiments conducted in the laboratory are 
often viewed with caution because of the artificial nature of the 
context. By contrast, simulation type tasks like the one employed in 
this study closely mirror reality.. Moreover, in an area like the one 
which will be considered here, where only a paucity of studies exists, 
there is always a need for more laboratory work.
1.1 THE IMPORTANCE OF INDUSTRIAL INSPECTION AS AN AREA OF STUDY
Despite recent advances in engineering and cybernetics the human 
operator is still superior to automatic systems in the quality control 
area. As the continuous improvements of technology are applied to 
industry, the purely manual, motor skills are reduced, and attention is 
being increasingly focussed on areas in which higher level perceptual 
abilities of the inspector, such as pattern recognition and decision 
making, are employed.
The reason why the human inspector continues to be important in 
industrial inspection is that these higher level functions cannot readily 
be performed by machines. Although automated pattern recognition is 
possible with sufficiently simple patterns, and computer aided decision 
making is being utilized in certain situations (Whitfield, 1975), the 
extremely high cost of such devices, and their inflexibility relative to 
a human inspector, means that they are unlikely to find wide application 
in the industrial inspection field. The attribute of quality has a 
multidimensional nature and so it is difficult to find a machine that can 
match human powers of examining for numbers.of different faults at once 
over a wide range of products, or assess the 'finish' of a surface or 
the uniformity of colour, or take note of a rare, perhaps unspecified 
fault. The possibility of building machines to handle the whole range 
of quality judgements seems remote, although it seems feasible, and indeed 
desirable, to use automated 'techniques where very simple discriminations 
such as size and weight are required, between acceptable and non-acceptable 
products.
It is found in industry that even when simple judgements of this 
type are required, it is common to inspect manually. In fact, Fox (1975) 
states that 90% of all inspection in the United Kingdom is dependent on 
the unaided human inspector. The reasons for this are usually straight 
forward cost-effectiveness considerations. The volume of the product to 
be inspected may not justify the design and manufacture of an automatic 
device to monitor quality. Alternatively, quality specifications may 
change frequently. However, the human inspector can be ’reprogrammed’ by 
management more rapidly than any machine, and he is capable of acting on 
instructions with discretion. He is unsurpassed where discrimination is 
required between a large number of faults, where classification and 
diagnosis are needed, and where eliminating the fault involves 
liaison work.
In a recent study by Drury and Sinclair (1983), inspectors inspected 
a batch of 162 metal cylindrical items. These were later inspected by 
a prototype inspection device so that performance of human and machine 
could be compared. The results of this study showed that inspectors 
performed significantly better than did the prototype machine, largely 
because of the more sophisticated decision-making capabilities of humans. 
The inspection device could locate most faults but was unable to classify 
them as acceptable or rejectable with the same consistency as inspectors.
It seems clear that inspection is likely to remain a labour intensive 
area, and as such, ergonomics and human factors, as a whole, will continue 
to be able to make important contributions in improving the performance 
of the human inspector.
Another important reason for studying inspection is that research in 
this area is not restricted in its usefulness purely to the industrial
sector. Many other important tasks have characteristics very similar 
to those found in industrial inspection. For instance, the surveillance 
of radar screens in both military and civil applications can be seen 
to contain many elements common to inspection tasks. The operator is 
continuously monitoring an information source which provides signals 
which are complex in nature, infrequently occurring and unpredictable 
both in time and space. In the medical sphere, examination of medical 
X-ray plates and cervical cancer smears are examples of almost classical 
inspection tasks which employ most resources of trained manpower.
A final important reason is that the inspection phase of system 
development is a vital link between tha manufacture of components and 
their incorporation in a total system. Many disastrous system failures 
can be traced to inadequate inspection procedures. Meister (1971) 
discusses the importance of inspection from a system reliability standpoint.
From the above discussions it can be •conclucfed that although inspection 
as an area of study has received little attention compared with tasks in 
industry involving mainly motor skills, it is an area of considerable 
intrinsic interest and importance. Contrary to popular belief that 
inspection will soon become completely automatic, technical progress is 
creating new demands for the human inspector. In some of the more 
advanced industries the total of inspectors has actually risen in spite 
of an overall reduction in the labour force. More research is thus 
required in this field, especially when inspection-like.tasks (discussed 
above) are found in many aspects not distinct from the industrial sector, 
and hence, any findings are likely to be widely applicable.
1.2 CHARACTERISTICS OF INSPECTION TASKS
One of the most obvious characteristics of inspection tasks is their 
diversity. Virtually any item which is manufactured is likely to be 
inspected at some stage of manufacture or assembly. Although the visual 
modality is the usual one employed in inspection, other sensory imputs are 
sometimes employed. The gustatory and olfactory senses are used in testing 
samples of food. In the context of auditory sense, Thomas (1962) describes 
how vacuum cleaners were inspected for mechanical faults by the tester 
actually listening to the sound the cleaner made in operation. Several 
categories of fault could be distinguished by this method. The tactile
sense is used in grading of furs, the same is true for needles, which are
inspected for straightness by gently rolling them under the palms on 
a flat table. The kinaesthetic or vibratory sense is used in testing 
small ball races which are held by the fingers over a rotating spindle. 
Frequently,, combinations of sensory modalities are employed, as when 
an article is inspected for surface finish both by its appearance and 
by its tactile characteristics.
Perhaps the most common form of inspection is when the inspector 
sequentially examines a series of items to determine whether the 
characteristics of the items fall within the quality specification.
Even in this case a more detailed task description rapidly leads to
complications. For instance the items may be on a conveyor belt,
moving at a range of speeds or the task may be completely self paced.
They may be large items, in which case some form of scanning may be 
required, or they may be small enough to be examined in a single 
fixation. The defects may be visible with the naked eye or may require 
enhancement by means such as magnification or lighting. They may be
distinguishable from non-defects by an extremely large range of variables 
including shape, size, colour, texture, weight and any combination of 
these and other parameters. This is an additional reason why automated 
inspection is often impracticable. Another common type of inspection is 
the examination of materials in a continuous form. Examples of this type 
are the examination of cloth, steel and glass strip and cine film. In 
Chapter Two, the various characteristics of inspection tasks will be 
considered in a more systematic manner. For the moment it is useful 
simply to be aware of their diversity and to attempt to describe a common 
behavioural structure which should apply to the majority of inspection 
tasks. This will be considered in the next section.
1*3 A MODEL. OF THE INSPECTION TASK
As was implied in the last section, the types of inspection task
that occur show such diversity that any specific task cannot be represent­
ative of the whole range of situations encountered. The majority of 
inspection tasks, do, however, share certain common, characteristics, and 
in this section a proposed structure will be described which facilitates 
the consideration of the tasks from a psychological and ergonomics 
standpoint. The model to be described is not predictive in nature, 
although it could provide the basis for a simulation approach to the 
predictive modelling similar to that described by some workers in the 
context of man-machine systems (eg Siegel and Wolf, 1969). However, for 
the present purposes, the model will serve to indicate the areas of knowledge 
relevant to inspection situations in general. It is convenient to consider 
inspection as consisting of a four broad phases. (See Figure 1).
Figure 1: Phases of Inspection
Acquisition^ of
sense
data
Action
taken appropriate to
defect type
Decision
making
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ACQUISITION
DECISION
IDENTIFICATION
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a) Acquisition of sense data: In order that the inspector can decide 
on the presense or otherwise of a defect, he-requires sensory 
evidence from the item being examined to provide inputs for the 
decision-making phase.
b) Decision-making: This aspect of the model refers to the process
whereby the inspector assigns the item to the general categories 
of defect and non-defect, without further sub-categorization.
c) Identification:. This is clearly also a decision-making process
which can be regarded as one stage higher in the decision
hierarchy. It involves the classification of the defect into 
one of a number of sub-categories, if more than one exists.
d) Action: Once the nature of the defect has been ascertained the
inspector performs the action appropriate to that class of defect, 
eg rejects the item, returns it for reworking etc.
Each of the phases considered can be analysed in terms of the 
psychological and physiological factors which affect performance at 
each phase. Examples of these are set out below.
Table 1: Examples of Psychological and Physiological Factors Affecting
Various Phases of Inspection
1. Acquisition Factors
a) Situational:
Paced or unpaced presentation, rate of pacing
- Enhancement of discriminability of defect, eg x-rays 
ultra-sonics, lighting^magnification
Inherent discriminability of defect
b) Physiological:
Visual acuity, static or dynamic
- Visual fatigue
Environmental conditions affecting inspection performance, 
eg noise, heat, lighting levels
- Visual skills in general, eg colour vision
c) Psychological:
Qrganismic variables such as pattern recognition skills, 
field dependence and distractability
- Vigilance and attentional variables
Perceptual ’set', ie ability to recognize cues characteristic 
of defects as opposed to other configurations occurring in 
both defective and perfect products
- Visual search strategies
Decision-flaking Factors
Costs associated with missing defects and rejecting 
good products
- Expected incidence of defects 
Social factors
Identification Factors
- Number of categories of defect
Provision of reference, standards to the inspector 
Expectancies concerning type of defect likely to occur 
Training and experience
Action Factors
Consequences of action
Existence of clearly defined actions to be taken for 
various types of defects
Social factors
1.3.1 ACQUISITION OF THE DATA
From Table 1, we can see that the acquisition phase has been considered
as being affected by situational, physiological and psychological factors, 
although many of these could be included under more than one heading. 
Situational factors are those which are external to the inspector and 
include environmental variables as well as the specific attributes of the 
task itself. The physiological factors affecting target acquisition are 
primarily visual, reflecting the preponderance of this modality in inspection 
tasks. Environmental conditions are included under physiological factors 
even though they may affect functioning via decrements in psychological 
skills. The psychological factors are intended to represent the intra-
subjects variables which influence target acquisition.
In including perceptual skills within the phase of acquisition, it is 
referred to the inspector’s sensitivity for cues which identify, the sample 
being examined as belonging to the categories defect or non-defect. These 
cues are often indirect and the inspector may have to infer the existence 
of a hidden defect from the external evidence available. It is important 
to note that this concept of sensitivity is independent of the inspector's 
tendency to respond ’defect’ or ’non-defect’ as a result of prior knowledge 
of the probability of a particular item being defective, or because he will 
be heavily penalized if a good item is incorrectly rejected. These latter 
factors are considered to be decision-making variables. This facility 
(intrinsic sensitivity) is being regarded as not contaminated by a 
bias to respond defect or non-defect due to data other than that 
available from the sample. Whether it is possible to separate sensiv itity 
from ’response bias’ due to other factors is not a completely settled 
topic.
It is clear that the inspector’s ability to distinguish good from 
bad products will depend partly on his knowledge of the cues which 
indicate defectiveness and partly on the amount of data that he can acquire 
from the sample. A third, slightly more controversal factor, concerns 
his intrinsic ability, independent of training, to isolate a particular 
configuration of cues embedded in a confusing background.
The utilization of cues present in the sample is clearly a function 
of training and also the provision of reference aids defining defective 
items. This topic will be explored more fully later. The inspector’s 
ability to acquire information from the sample is strongly influenced by 
physiological factors such as visual acuity discussed earlier. The area 
of visual search has been included in the psychological factors although 
it has a strong physiological element. Visual search skills consider 
the ability of the inspector to search an area exhaustively, efficiently 
and rapidly. Many of the studies of visual search which will be considered 
later have been concerned with a subject's ability to economically scan 
large areas for a target. To this extent the prime interest in search 
strategies is in the area of the inspection of sheet materials for 
defects. Clearly there is a high degree of interaction between some of 
the factors being considered. For instance if the situational factor of 
pacing is very high the question of the time taken by the inspector to 
scan an item become highly important.
The relevance of research on vigilance tasks to industrial inspection 
is a function of the degree to which the task under consideration 
approaches that of the classical vigilance decrement situation. If an 
inspection task is conducted for prolonged periods in an unstimulating 
environment, with low probability, irregularly occurring defects, then 
vigilance effects might be expected. As will become apparent in the literature
survey, there is some controversy as to the applicability of 
much vigilance research to industrial situations.
The possibility that an inspector’s detection skill is related to 
innate abilities such as field-dependence and pattern-recognition is an 
intriguing one that has not yet been explored by workers in the inspection 
field. The whole area of individual differences is one which has been 
also neglected, particularly in relation to the selection of inspectors.
1.3.2 DECISION-MAKING IN INSPECTION
Many of the issues relevant to the decision making aspects of 
inspection skills will be discussed under the heading of signal 
detection theory considerations in a later section. However, at this 
stage it is sufficient to point out that one would expect an inspector's 
decision about whether or not a sample is defective to be influenced 
not only by the evidence available from the sample but by the expected 
incidence of defects in the whole series of samples as well. Similarly 
it is reasonable to expect the consequences of a particular decision to 
influence the inspector.’s judgement. For instance, if the item being 
inspected is a critical part for a spacecraft, then the inspector will 
be far more likely to reject it if there is even a suspicion that it is 
defective, than if it were a non-criiical item. Social factors can be 
seen to affect decision-making in a situation where a worker is able 
to exert social pressure on an inspector if too large a proportion 
of his work is being rejected. Such pressures can be quite subtle and 
overt threats are not necessary to influence the judgement of the 
inspector.
1.3.3 IDENTIFICATION FACTORS
Identification is distinguishable from acquisition in that the 
inspector is attempting to decide between different categories of 
defect after having decided that a particular item is in fact a defect.
Most of the factors operative at the decision-making phase are also 
important here, although it is essentially a multiple categorization 
problem rather than a binary decision-making process, at least where 
there are several types of defect. As before, training and experience 
will be important in allowing accurate differentiation between types 
of defect. Of particular importance is the provision of reference 
standards in order to provide examples of the distinguishing characteristics 
between defects. As in the decision-making phase, expectancies concerning 
the type of defect likely to occur will influence the categorization 
process.
1.3.4 ACTION FACTORS
The absence of clearly defined actions to be taken in the event of 
the various types of defect occurring can lead to a considerable 
degradation in the efficiency of the inspection system. Some defects 
may indicate the presence of certain manufacturing malfunctions and hence 
necessitate a rapid feedback to the production section of the factory.
Other defects may require reworking rather than rejection. Certain 
types of defective items may be acceptable to some customers who may be 
selling at discount to a less discriminating market. The consequences 
of certain actions may affect the inspector’s behaviour in the same way 
as during the decision-making phases of inspection. Social factors need 
to be considered again in this context. The prevailing employment
situation in a factory might, for instance, influence an inspector in 
deciding whether a particular item was reworkable or should be scrapped.
The action phase of inspection has received little attention in the 
literature, and should perhaps be considered more explicitly in the 
analysis of inspection systems.
1.4 CONCLUSION
The consideration of the proposed model of the inspection task has 
provided an overview of many of the topics which will be considered in more 
detail in subsequent chapters. If quantitative estimates were available 
for the effects of the variables considered on inspection performance, then 
it would be useful to employ a model of this type for predictive purposes.
As will become apparent during the subsequent review chapters, however, we 
have a considerable way to go before we can realistically assess the 
combined effects of some of the variables considered in the model, on 
inspection performance in general. Nevertheless, the predictive modelling 
of the performance of human operators in an inspection system should be 
regarded as a desirable long term objective. The validity of industrial 
inspection as an area of study for the behavioural sciences was also 
established in this chapter. It was pointed out that inspection requires 
a wide range of cognitive, decision-making and pattern recognition skills 
which cannot readily be automated, and hence quality control is likely to 
remain a labour intensive area of industry. Data from inspection studies 
can be readily generalized to a number of other important areas such as 
radar screen surveillance and any situation where prolonged monitoring or 
repeated perceptual decision-making takes place. Finally, the quality of an 
inspection system has a considerable effect on the overall reliability of a 
system, which is becoming increasingly important as larger and more complex 
systems are produced.
CHAPTER TWO
A REVIEW OF THE LITERATURE OF INDUSTRIAL INSPECTION 
AND RELATED THEORETICAL AREAS
2.0 INTRODUCTION
Producing a comprehensive classification scheme for inspection 
literature presents a number of difficulties. Inspection is an activity 
carried out in a very wide range of industries and one which utilizes many 
differing skills. Some of the taxonomic difficulties present in this area 
will be discussed subsequently. The literature review which follows will 
be divided into two. broad parts. In order to establish the context for 
the research objectives of this study, the more important areas in the 
inspection literature will first be surveyed. Although the emphasis of 
this review will be on studies which can be directly applied to practical 
situations, it. will also be necessary to consider some of the theoretical 
areas which underlie the applied studies. In the second part of the review 
(Chapter Three), the topic which has been selected as part of the experimental 
investigations (ie training for inspection) will be treated in greater depth. 
From a detailed consideration of. these areas, the broad outlines of the 
experimental investigations will emerge.
2.0.1 SOME TAXONOMIC CONSIDERATIONS
It is not proposed in this study to develop a formal task taxonomy for 
inspection tasks, although there is certainly a need for such an endeavour.
In applied research particularly, as the body of data on human performance 
grows, it is increasingly necessary to be able to generalize research 
findings from laboratory studies to operational settings and from one
operational setting to another, Levine et al (1971). An extensive research 
programme concerning the problems of behaviour taxonomies has been in progress 
at the American Institutes for Research, Washington D G, eg Fleishman et al (1970), 
Miller (1971) . Several different lines of approach have been considered 
in this area. One of the earliest attempts by Miller (1962.) was motivated 
by the desire to obtain data for design decisions in man-machine systems.
The main characteristics of Miller’s scheme resemble those of the model 
for the inspection.process presented in Chapter One. The behavioural task 
structure suggested by Miller proposes scan, identification, decision making, 
and effector phases which can be readily equated with the acquisition, 
decision, identification and action phases proposed in Chapter One.
Unfortunately, both schemes share another characteristic - they do not 
provide a very satisfactory means of organizing the available research and 
applied literature in a particular area. One of the difficulties is that 
the model is in terms of separate psychological processes, whereas in any 
real situation the importance of the various hypothesized stages in the 
inspection procedure is determined very largely by the characteristics of 
the task. This problem is of course common to any taxonomy. Another problem 
that occurs when attempting to classify inspection studies according to 
the scheme set out in Chapter One, is that many of the. important variables 
are global in nature and could affect performance through a number of the 
stages postulated. Examples of such variables are individual differences 
and social factors. It seems then, that although the earlier descriptive 
scheme is useful in specifying the sequential stages in the inspection task, 
and the variables which need to be considered at each stage, a different 
approach is necessary from the standpoint of structuring the literature.
The scheme eventually decided upon follows the task characteristic approach 
proposed by Farina et al (1971) and Megaw (1979) . Four major sets of
variables are seen to determine inspection performance: The characteristics
of the inspection tasks themselves, the physical environment' in which the 
tasks are performed, the organizational and social structure of which the 
inspector-function is a part, and individual, operator-centred variables.
Of course, although these categories and the variables they comprise are 
described as independent factors, performance in a real inspection task 
will be a complicated interaction of these variables. In general, inspection 
studies have tended to concentrate on single or at the most two interacting 
variables, although there have been some exceptions, eg McFarling (1974), 
who examined the interactive effects of noise, sex and pacing variables.
Many theoretical areas impinge on the inspection situation, but the 
emphasis in the first part of the review will be on studies that are either 
applied, or attempt to simulate at least one aspect of real life inspection 
tasks. However, there will be a preliminary discussion of the major research 
areas that have implications for a large number of inspection problems.
The inspection model described in Chapter One will be utilized during the 
review where appropriate.
2.1 GENERAL INSPECTION LITERATURE SURVEY
2.1.1 SOME RELEVANT THEORETICAL AREAS
Three theoretical areas of psychology have considerable relevance for 
inspection tasks. These are: vigilance, visual search and decision theory. 
Vigilance is an important area because many inspection tasks are largely 
perceptual in nature and involve prolonged periods of attention with a low 
probability of signal occurrence. Visual search considerations provide 
insights into many of the task characteristics which will be considered 
in this review. Decision theory will be discussed from the orientation 
of Signal Detection Theory.
2.1.1.1 VIGILANCE AND ITS RELEVANCE TO INSPECTION
Vigilance has been an important area of psychological research since 
Mackworth (1950) was able to demonstrate in the laboratory some of the 
performance decrements occurring during prolonged watchkeeping which had 
first been observed in radar operators during the war. The apparent rele­
vance of vigilance research to many applied problems gave rise to a 
voluminous literature. No attempt.will be made here to review this 
literature. A review by Davies and Parasuraman (1982) which covers the 
entire field of vigilance research, referenced over 900 articles. Several 
comprehensive reviews are also available, eg Davies and Tune (1970),
Mackworth (1969 and 1970), Broadbent (1971), Warm (.1984). Mackworth 
identified a number of factors which contributed to the performance decline 
over time, such as a low signal rate, adverse environmental conditions, 
and unfamiliarity with the work. Later researchers added sleep deprivation 
(Wilkinson, 1960), inappropriate signal expectancies (Colquhoun and Baddeley, 
1964 and 1967), and poor motivation of experimental subjects (Mackworth, 1970).
The similarity between vigilance tasks and inspection ones is clear.
Both involve prolonged attention by the subject for signals (or defects) 
which may occur infrequently, randomly in time and space and be difficult 
to readily discriminate. Many of the findings in vigilance experiments 
parallel those found in inspection. For instance, one of the most consistent 
results found in vigilance is the importance of signal rate in determining 
efficiency. Experiments by Colquhoun and Baddeley (1967) demonstrated the 
importance of signal rate in influencing the overall level of performance 
in vigilance tasks. Increases in signal probability produces increases 
in both the detection rate and the false alarm rate, Baddeley and Colquhoun 
(1969). Closely analogous results are found in the inspection literature
(see section 2.1.2.5) and there does seem to be a close affinity between 
the classical vigilance task and many inspection situations. Many writers 
eg Poulton (1973), make the assumption that most vigilance results can be 
readily applied to inspection tasks as long as the subjects have received 
sufficient practice.
However, other workers have had reservations about the applicability 
of much vigilance research to real life industrial problems. Kibler (1965) 
made the following comments when comparing the basic task dynamics of 
typical vigilance research with those of contemporary monitoring tasks.
1. The weak, brief duration signals typically employed in laboratory 
vigilance studies are rarely encountered in applied monitoring tasks.
2. The human monitor is typically required to keep watch over multiple 
information sources, and frequently more than one type of target or 
information class is the object of his vigil.
3. The signals are often complex and multidimensional rather than simple 
unidimensional events usually employed in laboratory studies.
4. In most monitoring tasks, determining the appropriate response to a 
signal event entails a decision process much more complex than those 
required,in vigilance studies.
Elliott (1960) suggests that the classical vigilance decrement has never 
been observed in any closely simulated radar task and that the social 
isolation usually found in vigilance studies is not typical of military 
situations. Smith and Lucaccini (1969) maintain that a vigilance decrement 
has never been demonstrated in an industrial situation. They suggest that 
this is due to the greater complexity of the industrial task and that the 
vigilance decrement can be explained by the lack of motivation of laboratory 
subjects who are insufficiently aroused to continuously perform what is
an essentially meaningless task. Harris (1969) also cautioned in 
directly applying laboratory results to industrial inspection situations.
Belt (1971) attempted to clarify this question by comparing performance
by the same subjects on a laboratory task with an authentically simulated
industrial inspection task. He found that the usual vigilance decrement
occurred with the laboratory task but that a constant level of performance
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was maintained with the inspection experiment. The author suggested on 
the basis of subjects’ comments that this was a result of the greater 
motivation present on the inspection task. Alluisi et al (1977) have 
charged that vigilance decrements are not found in real world monitoring, 
they seem willing to dismiss the relevance of vigilance experiments altogether. 
However, some investigators have suggested that decrements have been masked 
by learning effects - that both are occurring simultaneously, counteracting 
each other (Beatty et al, 1977).
The picture is not at all as clear as the critics would like their 
readers to believe. First, there are numerous cases of complex tasks 
that yield time decrements (eg Craig and Colquhoun, 1977; Riemersma et al, 
1977). Colquhoun et al (1968) showed that as late as the 48th session of 
a lengthy experiment, time decrements appeared. We cannot resolve this 
issue by citing evidence pro and con: there are ample amounts of each.
Granted, we are lacking examples from real world applications that 
exhibit a true decrement. Many authors speak of time decrements in 
inspection: Drury and Fox (1975b) uncritically accept the existence of 
time decrements, and other authors also uncritically recommend rapid 
rotation of inspectors to avoid the (presumed) decrements (Belbin, 1957; 
Gillies, 1975; Rigby and Swain, 1975). Fox (1964) states that 15 minutes 
is the longest a coin inspector can work before efficiency drops. The
reader cannot tell whether their recommendations were simply based on the 
experience and complaints of inspectors, which are certainly worthy of 
consideration, or on extrapolations from the vigilance literature.
Where do we stand on vigilance decrement in inspection? There is 
no satisfactory answer for a variety of reasons:
1. Vigilance decrements may not have appeared on the shop floor because 
they are already being effectively avoided. In-fact, there is a wide­
spread practice of rotating operators rapidly between inspection and 
other tasks during the work day.
2. Even when inspecting, the operators are usually performing secondary 
active tasks at the same time (eg materials handling, minor rectification, 
tagging defectives, paperwork and communication), all of which may
allay time decrements, though perhaps at the cost of overall performance.
3. The social and physical atmosphere is not as severe as one finds in 
vigilance experiments. Inspectors talk to other workers, have some 
freedom of movement, and observe other activities in their environment. 
Vigilance researchers have learned by now exactly how to produce time 
decrements: by making the experimental environment as physically and 
socially confining as possible.
4. The appropriate studies (careful and costly experiments, whose design 
will tax the ingenuity of experimenters and the patience of production 
line supervisors) have yet to be done in the field of inspection. As 
studies appear in the literature, we will probably end up exactly 
where we are today: some will show time decrements, some will not.
However, the general conclusion that emerges from these considerations 
is that we cannot blindly use all the results from vigilance experiments 
to predict performance in industrial situations, particularly when the 
laboratory studies have task characteristics unrepresentative of
inspection tasks. On the other hand it.would be foolish to ignore the 
considerable body of knowledge that has been gained on human performance 
in monitoring situations, particularly when results obtained from vigilance 
studies are paralleled by data.from tasks more representative of the 
inspection situation. As usual a process of discrimination is necessary 
when generalizing from research findings to the real world. It is 
necessary to examine the characteristics of any. specific inspection task 
in detail in order to decide whether or not vigilance research is applicable . 
For instance, the. more infrequent the defects, the less, arousing the task 
conditions and the more prolonged the inspection period, the greater the 
likelihood of vigilance, data being applicable, particularly if the defects 
are simple in nature.
2.1.1.2 VISUAL SEARCH CONSIDERATIONS
This topic is surveyed in depth in Bloomfield (1970) and its applications 
to inspection described in Bloomfield (1975). During visual search the eye 
makes a series of fixations and it is assumed that the probability of 
detection of a defect decreases as its distance from the fixation point 
increases. This leads to the concept of a visual lobe, which is a hypothetical 
area about the fixation point within which there is some arbitrary probability 
(eg 0.5)of detection. During search, the saccadic movements of the eyes 
give rise to a series of overlapping visual lobes which cover the area 
to be searched. Search is efficient if the area is covered completely with 
a minimum overlap of the visual lobes. The. larger the visual lobe the more 
efficiently the area to be searched will be covered in the minimum time.
The size of the visual lobe will be influenced by a number of factors. 
Individual differences in peripheral visual acuity, background luminance,
length of exposure time, and discriminability of the target are all relevant- 
variables. In addition to the size of the visual lobe, search efficiency 
will also be influenced by the fixation strategy adopted by the observer.
Both random and systematic sampling will cover the whole area to be searched 
and will ultimately detect any defect which is discriminable if it falls 
within the visual lobe. A systematic, regular strategy which optimally 
covers the entire search area with minimum overlap between the lobe areas 
will always be quicker on average. Bloomfield (1970) showed however, that 
even with well-practised subjects, their search strategy was better fitted 
by a random rather than a systematic scanning model. In general, the time 
taken to detect a target consists of two components, the search time itself 
and the time taken to respond when the target falls within the visual lobe, 
ie there is no search involved. With readily discriminable targets this 
approximates to simple reaction time, but with near-threshold targets more 
complex considerations using other models (eg SDT) may become important 
(Pike, 1971).
One tends to assume that visual search considerations only become 
important in situations where large areas have to be scanned for defects.
For reality, even if the total area to be searched is relatively small, 
and the targets, ie defects, are similarly small, the visual lobe is 
effectively reduced in size and so search is still necessary. Bloomfield 
(1975) considers three categories of visual inspection in which search 
iS important. Where displays contain a number of small items some of 
which may be defective, the mean search time has been shown to be inversely 
proportional to the square of the discriminability of the defects:
t OC  1
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where t is mean search time and D is discriminability.
Discriminability can refer to differences in dimensions such as 
size, area or shape between good and defective items. This is known 
as a competition search situation. In multi-part inspection a single 
complex object is shown to the inspector and he has to examine many 
features of the item which may be faulty. An example of this type of 
inspection is given in Harris (1966) in which ten items of equipment 
were rated in terms of complexity, where this was largely in terms 
of the number of major parts each item contained. A high negative 
correlation was found between the number of defects found and the 
rated complexity. In the final type of inspection considered by 
Bloomfield, the inspection of sheet materials, a fault may be difficult 
to detect for several reasons. It may fail to emerge perceptually 
from its immediate background because of patterning effects, it may have 
a very low contrast difference with respect to the background, or it may 
simply be very small relative to the total area that has to be inspected.
The efficiency of visual search will be influenced by several 
factors in addition to those already discussed. Operator-centred 
factors such as experience, eyesight and age will clearly be important as 
will task characteristics such as presentation rate (Perry, 1968), display 
size and shape (Baker et al, 1960) and the provision or otherwise of 
visual aids (Schoonard et al, 1973).
Whilst the relevance of visual search to inspection is of 
considerable importance, there is still some debate as to how intrinsic 
search is to inspection performance. It is suggested that even with 
foreknowledge of specific fault characteristics the inspector will carry 
out some routine of activity analogous to visual search without eye
movements which can contribute to improved inspection performance.
One would argue that in inspection tasks, search is required only 
when, for some reason, a fault can not be located immediately. Never­
theless, various studies of visual inspection have been carried out 
with particular emphasis on the role of visual search in inspection 
efficiency. These studies involve the inspection of simple items, 
multi-part items and sheet materials, which were discussed above.
2.1.1.3 SIGNAL DETECTION THEORY CONSIDERATIONS
In early experiments subjects producing false alarms were simply 
admonished by the experimenter to take more care. This, of course, 
had the effect of biasing them to respond negatively if uncertain.
The problem of response bias was then sidestepped by using paired 
comparison or forced choice techniques (Thurstone, 1927) . With 
these methods, a series of pairs of trials are presented, one of 
each pair containing the stimulus, and the subject simply has to 
indicate which one of each pair is the signal trial. However, in 
many real detection situations the forced choice paradigm is inappro­
priate. (Tanner and Swets, 1954; Swets et al, 1961; Swets, 1964;
Green and Swets, 1966).
2.1.1.3.1 THE NATURE OF RESPONSE BIAS
Judgemental bias is an all-pervasive aspect of any human choice 
or decision-making situation. A doctor looking, listening or feeling 
for signs of a disease may far prefer a ’false alarm’ to a missed 
signal, particularly if the disease is serious. In a control room 
of a nuclear power station the operator may be required to shut down 
the reactor in the event of certain evidence from the instrumentation, 
which may be ambiguous, that a dangerous condition has occurred.
Shutting down the reactor is usually an expensive business and may 
cost tens of thousands of pounds in terms of lost output. On the 
other hand not shutting down the reactor may be even more expensive 
in terms of damage to plant or even loss of life. The operator’s 
decision will clearly be influenced by these cost factors and also 
by the relative probability that a dangerous condition is really 
likely to occur. If it is during the commissioning phase, and similar 
incidents have been quite common,, then the operator will have no 
hesitation in shutting down the reactor. If on the other hand the 
plant has been in operation for .some years.and such an incident 
has never before occurred, the operator may well defer his decision 
for some time before he makes the critical control action.
In the area of inspection, we can see that the inspector’s criterion 
is going to be influenced by the on-going level of defects present. If it
is known that a particular batch has been produced by a ’rogue machine’, 
then the inspector will be far more likely to reject an article that is a 
borderline case. A similar effect could occur where cost factors were 
involved. If the manufacture of an article involved an extremely 
expensive series of processes, the inspector would be biased to reject 
the article only if he was absolutely certain that it was defective.
Similarly, if the manufacturing process were very cheap but the product 
was destined for a highly discriminating market, then the inspector 
would reject if there were any doubt at all that the item was not 
perfect.
It is important to note that we are referring to subjective propabilities 
in this discussion, and the costs and values of the observer’s decisions are 
in fact personal utilities. These quantities may or may not be the same 
as the objective probabilities and payoffs which occur in a. real situation. 
Viewed in these terms we can see that many factors which are known to affect 
the judgemental process can be mapped on to the dimensions of subjective 
probability or perceived utility. For example social pressures from co- 
workers in an industrial situation could be seen to affect judgement via the 
mechanism of altering the personal payoffs of a particular decision. If 
an inspector is examining the work of a colleague and is aware that too 
many rejections could lead to his dismissal, then he may be influenced, 
consciously or otherwise, to accept a higher proportion of borderline 
items than would be the case if they arrived from an anonymous source.
The sujective estimates of the probability of a defect occurring would 
clearly be highly dependent on the degree of feedback given to the 
inspector.
Up to this point we have demonstrated that in detection situations, 
unless forced choice procedures are adopted, any measure of the observer’s 
sensitivity is inevitably contaminated by the factors of response bias 
discussed above. One factor that has not been mentioned up to this 
point is the question of quantifying the degree of observer bias. The 
attitude of classical psychophysics has been that observer bias is a 
nuisance variable that one should attempt to eliminate as far as possible. 
However, it is clear that the degree of response bias that occurs in a 
situation is in itself a quantity of some interest. Given that judge­
mental bias is a fact of life in any real discrimination task, it is 
clearly.of interest to quantitatively measure the amount of bias, in 
order to answer such questions as the degree to which some of the 
factors discussed so far affects it. Signal Detection Theory is said 
to provide the means for quantifying aspects of response bias that 
have been discussed in this section (eg Sheehan and Drury, 1971).
Signal Detection Theory has applications in a wide range of 
situations in. which an observer has to make a discrimination or 
choice on the basis of equivocal or ’noisy' evidence.
Noise is a central concept in Signal Detection Theory (SDT) 
and can be regarded as any random process which tends to interfere 
with discrimination. We can consider two analogous situations, the 
detection of a very faint signal in a background which may tend to 
degrade the signal, and discrimination between two very similar signals 
which may also be embedded in a background which tends to obscure the 
differences between them. Another source of noise might be the 
inevitable slight variations in the physical nature of the stimulus, 
particularly if its precise characteristics are ill-defined. The sources
of noise are all external to the observer, but noise is also added 
internally due to the random firing of neurons in the nervous 
system (Pinneo, 1966).
2.1.1.3.2 SIGNAL DETECTION THEORY AND ITS APPLICATIONS TO INSPECTION 
STUDIES________________________________________________ _
One of the important applications of the SDT model is to provide 
an index of inspection performance. This is an important issue, because 
if a variety of different methods are employed to measure inspection 
performance, it is extremely difficult to compare inspection studies 
to assess the effects of differing factors on performance. However, 
the most common performance index employed in industry is, of course, 
the percentage of defects detected. McCormack (1961) discusses a 
number of other indices that have been employed and suggests that the 
suitability of a particular performance index depends on the objectives 
of the inspection index.
The proponents of Signal Detection Theory believe that with its 
separation between sensitivity and bias, the theory offers unique 
advantages as an inspection performance index (eg Wallack and Adams, 
1969). The former parameter (d') refers to the inspector’s efficiency 
in detecting a target, the latter ijS) reflects his bias for reporting 
a target as opposed to a non-target. We can identify some of the 
requirements of an ideal index as below:
- It should provide insights into why performance is good or bad in 
a particular case.
It should allow quantitative costs and values to be assigned to 
the various types of errors and correct decisions possible.
The index should separate the aspects of performance due to the 
inspector’s sensitivity, from his response bias.
The performance index should enable inspection performance to be 
related to general theories of human performance.
It seems that the signal detection indices of sensitivity and bias 
fulfill these requirements. The likelihood ratio concept suggests an 
index of performance that has a theoretical optimum. One can thus 
compare the actual performance of the inspector with the optimum to see 
how it needs to be changed to produce a more efficient inspection system. 
The separation of performance into sensitivity and bias variables also 
provides insights into the way in which performance can be improved.
Despite the obvious advantages that the SDT approach promises, it 
is surprising how infrequently it has actually been applied in the 
inspection area. This is probably a reflection of the fact that inspection 
in general has been an under-researched area as far as human factors 
is concerned. If we exclude studies in such areas of sonar detection, 
there are very few studies and only one study by Drury and Addison (1973) 
which represents the best and most extensive available application of 
SDT to inspection tasks. There are a number of reasons for this. One 
of them is that this study used data from an on-going industrial task 
rather than a simulation or a laboratory study. But the first published 
paper employing SDT in an inspection context was Wallack and Adams 
study (1969).
The application of signal detection theory to the inspection 
situation (or even to vigilance tasks resembling the inspection 
settings) has been criticized by a number of writers. In a recent 
study by Megaw (1983), problems were met in establishing valid 
estimates of false alarm rates, particularly-in-those tasks where 
subjects were required to search simultaneously for several defect 
types and to make judgements on defects against quality standards.
In this context, the application of measures derived from Signal
Detection Theory was reported as invalid. In the vigilance context,
Long and-Waag (1981) among others (Swets, 1977; Craig, 1979; Caldeira, 
1980) report that vigilance tasks differ considerably from the psycho­
physical detection tasks in which SDT was developed. They have 
contrasted the low levels of signal probability that are typical in 
vigilance experiments with conditions in psychophysical detection 
tasks in which there may be hundreds of stimulus trials, about equal 
probabilities of signals and non-signals,and observers, who are very 
familiar with the stimuli. They suggest that a vigilance task with 
a minimal number of critical signals may not provide the observer with 
sufficient opportunity to establish the theoretically proposed 
distributions of noise and signal plus noise against which to apply a 
decision rule. A common weakness to the use of SDT is that 'if false 
reports do not occur or their rate is too weak, then the SDT measures 
could not be obtained (assuming the importance of both parameters; the 
observer’s perceptual sensitivity in detecting a target and his bias for 
reporting a target as opposed to a non-target). However, the usefulness 
of SDT in the context of inspection tasks needs to be further investigated 
(whatever severe criticisms the theory has received). It is only 
necessary to emphasize that serious difficulties can result from the 
uncritical acceptance of an extension of the SDT model from its 
origins in psychophysical detection under altered conditions to the 
inspection situation.
2.1.2 TASK CHARACTERISTICS
2.1.2.1 PACING AND MOVEMENT OF THE ITEM BEING INSPECTED
These variables have been considered in a number of studies because 
of their importance to industrial engineers in determining the maximum 
throughput of an inspection station possible without degrading the 
efficiency, of defect detection. In terms of the inspection model of 
Chapter One, the variables can be regarded as operating at the 
acquisition phase of the process.
Drury (1973) discusses two major aspects, the effect of the rate 
of movement of the item being inspected, and the effect of pacing per se. 
These two aspects are not necessarily identical. Drury has pointed out 
that the rate at which an inspector can work is likely to be one of the 
most vital pieces of information required when designing industrial 
inspection systems. For a fixed production rate, knowing the time 
required for the inspection of an item determines the manning level and 
hence, to a large extent, the design of the physical facilities. Poor 
quality control is likely to occur if too slow or too fast a pace is 
imposed or too few or too many inspectors are installed. It is well 
known, eg Blackwell (1959) that dynamic visual acuity is inferior to 
static visual acuity, and Sury (1964) has shown that pacing can 
degrade performance even if the subject is paced at the same rate as 
his unpaced performance.
With regard to the first variable, Williams and Borow (1963), and 
Erickson (1964) have shown that the rate of movement does not produce 
degradation in performance unless the angular velocity exceeds 7° - 8°/sec 
at the eye.
Drury (1973) considers a number of studies and attempts to deduce 
a general relationship between the time available per item being inspected 
and the probability of correct detection being made. The two types of 
correct inspection decision concerned are PI, the probability that a 
good item is accepted, and P2, the probability that a faulty item is 
rejected. The studies considered covered a wide variety of inspection 
tasks, eg Fox. (1964) concerning coin inspection, Perry (1968), glass 
bottle inspection, Sinclair (1971), food products, and other studies on 
the inspection of sheet glass. In all of these studies the general 
effect is observed that as more time is allowed to inspect each item, 
the probability of rejecting a faulty item increases whilst the 
probability of accepting a good item decreases. Drury accounts for 
this finding by postulating that the inspection process consists of 
two phases, a visual search process until a potential defect is found or 
time runs out followed by a decision process. Thus for every short time 
intervals, corresponding to a high rate of pacing, relatively few of the 
potential faults are seen. This leads to a low value of P2, the correct 
rejection probability, and also a high value of PI, the correct acceptance 
probability, because the opportunity for making an error in the other 
direction, ie false alarms, is lessened. At very long time intervals, 
or low pacing rates, search considerations become unimportant and the 
limiting values of PI and P2 are largely a function of the SDT variables 
considered early in Section 2.1.1.3, ie the intrinsic sensitivity of the 
inspector and his criterion. A paper by Buck (1975) presents a. highly 
detailed analysis of what he refers to as dynamic visual inspection,
DVI. In dynamic inspection, the inspector is stationary and the goods 
are transported, usually by some mechanical conveyence such as a belt or 
monorail, past his view at various speeds. Some of the factors effecting
dynamic visual inspection can be identified as the direction of movement, 
the speed of the conveyor, the object interspacing distance and variability 
and the lateral variability of the object on the belt. Buck discusses 
in detail the effect of various viewing constraints such as the ’viewing 
window’ past which the items on the conveyor flow. Dynamic visual 
inspection involves first visually tracking the moving inspection item. 
Crawford (1960) shows that up to an angular velocity of about 25°-30°/ 
second the eyes can acquire a moving object in a single saccade.
At greater speeds, additional eye movements are required and hence belt 
velocities of this order mean that the observer will spend more time in 
making visual corrections and therefore less time will be available for 
visual search within the object.
A number of studies, eg Ludvigh and Miller (1958) show that a complex 
set of factors affect dynamic visual acuity, eg the angular velocity of 
the item, and the exposure time available.
i
The belt velocity in dynamic visual inspection plays a complex role 
both through its effects on visual acuity and the exposure time available 
for visual search. Recent data from a number of studies Rizzi et al (1974) 
Nelson and Barany (1969), Smith and Barany (1971), Purswell et al (1972) 
and Lion et al (1975) suggest that the following generalizations can be 
made about pacing and the more general area of dynamic visual inspection. 
DVI is improved with (a) increased exposure time for an object,(b) lower 
belt velocities, (c) greater interspacing between successive objects.
Self paced inspection appears to be superior to externally paced 
work, Williges and Streeter (1971), McFarling and Heimstra (1975). 
Individual differences in peripheral visual acuity influence efficiency 
of dynamic visual inspection. The random or ordered arrangement of the
items on the conveyor belt is another factor found to be important.
Lion et al (1975) found higher detections when items on a conveyor 
belt passed the inspector in three rows, rather than one row.
In another study, Chapman and Sinclair's (1975) inspectors viewed 
trays of jam tarts, arranged in rows and columns. The fact that the 
latter two variables (random or ordered arrangement) are also important 
in static, visual search, Bloomfield (1970) lends weight to the idea 
that dynamic visual inspection consists of detecting the oncoming item, 
visually acquiring it, searching it for faults and then making an 
accept/reject decision.
In summary, however, it can be said that the increase in detection 
efficiency with inspection time is not linear. The curve flattens off 
below perfect detection, with the critical inspection time unfortunately 
depending largely on the complexity of the task and on the conspicuoushess 
of the fault. Therefore, there are no general guidelines to be given for 
appropriate times without taking into consideration these factors as well 
as those relating to static or dynamic visual inspection which were 
discussed earlier in this section.
2.1.2.2 MAGNIFICATION, LIGHTING AND OTHER AIDS TO ENHANCE DEFECT 
DISCRIMINABILITY ________ __________. ________
Techniques such as X-rays, ultrasonics, gamma rays and dye 
penetrants are all used in non-destructive testing in industry to render 
visible defects which could not be detected with the unaided senses.
Often the resulting display or trace constitutes an inspection problem in 
itself, where the operator may have to continuously monitor the output 
for some subtle change which indicates a defect. These problems have been 
considered in Embrey (1975) (ultrasonic testing) and Lusted (1971)
(X-ray photographs). The most common methods of enhancing defect 
discriminability are lighting and magnification.
Because inspection is primarily a visual task, it should be 
obvious that the inspector’s main environmental needs are for adequate 
illumination. This implies the provision of enough light to be able 
to view the objects without undue fatigue, but glare should be avoided. 
Some aspects which can affect visual performance need to be considered 
here. Before an observer can see any object he needs to be able to 
separate its image from its background or surroundings, otherwise it 
becomes’camouflaged’. The quality of an individual's visual performance, 
therefore, can be related simply to the extent to which the viewed object 
stands out from other stimuli in the observer’s visual field.
Despite the fact that we are able to perceive objects over a wide 
range of illuminance, however, it is clear that some illumination levels 
are more ideal at work than are others depending on such factors as size 
of significant detail and contrast. In addition to that, the level of 
illumination chosen for a particular work area will depend on the type 
of work which is being carried out.
However, two other aspects must be emphasized when considering the 
illumination of the workplace for inspection tasks; first, the type of 
lighting, and second, its position. Regarding the type of lighting,
Lion (Lion, 1964; Lion, Richardson and Browne, 1968) performed a series 
of experiments to compare inspection and manipulation performance using 
two types of illumination: fluorescent and tungsten lights. In the 
first experiment she asked her subjects to carry out a variety of tasks 
(grading ballbearing, threading needles, reading numbers and measuring 
the lengths of rods) using either 80 watt ’warm’ fluorescent tube or
100 watt clear tungsten bulb. Both produced an equal level of illumination 
of 14 lumens/sq foot at the subject's work surface. Her subjects took 
a significantly shorter time to complete the tasks using a fluorescent 
rather than a tungsten bulb (in other words, more units were performed 
in the time allotted), although the number of errors made in each case 
were not significantly affected. Since all the tasks used stimuli which 
had a high degree of reflectivity, Lion argued that the performance 
difference was due to the filament (tungsten) light producing a concent­
rated light source and thus more glare. This was not enough to produce 
reduced performance in terms of increased errors but it was enough to 
slow down the rate of work.
In her second series of experiments, Lion and her colleagues 
employed tasks more akin to those encountered in an inspection task, 
in other words, searching for defects in small objects moving on a 
conveyor belt. The defective objects were either buttons with off- 
centred holed or black discs with a broken white design etched on 
to their surface. The items were equally spaced, 5 cm (2 in) apart 
and travelled at a rate of 17.5 cm/sec (7 in/sec). Again tungsten 
(four 200 watt bulbs) and fluorescent (four 80 watt bulbs) room 
lighting was compared, which produced equivalent illumination levels 
of 30 lumen/sq foot at the working level.
In this experiment the results were slightly less conclusive.
Lion's subjects overlooked significantly fewer faulty broken designs 
on the disc-sorting task under fluorescent than tungsten lighting, but 
there was no significant differences on the button sorting task. The 
authors explain the discrepancy by pointing to the type of task involved 
in each case. The ’faulty design’ task required the operator to perceive
a break in a line which is essentially simply an acuity task. The 
button sorting task, however, required a more 'global' picture of the 
object to be sought, since the criterion of rejection was whether or 
not the four button holes were central - that is, equidistant from the 
button circumference. It was proposed that the differential effect of 
the different light sources was due to the fact that the tungsten lamps, 
being point sources, were more readily obscured by the subject at the 
workbench, producing an effectively lower lighting level. This would 
readily account for the results in view of the relationship between 
visual acuity and ambient illumination. It■seems strange that the 
authors did not verify this hypothesis by adjusting the different 
types of lighting to provide equal illumination with the subject in situ.
The question of the very different spectral composition of the 
different light sources would seem to be another uncontrolled variable.
Further insights into this area are given by Sakguchi and Nagai (1973). 
In a comparison between various types of lighting in a Landolt ring 
recognition task, it was found that eye fatigue, as defined by subjective 
reports, seemed to result from a narrow band width of coloured lighting 
sources such as sodium lamps. This variable clearly needs to be 
considered when lighting for prolonged inspection periods is being 
specified. Lighting considerations for inspection are far broader that 
merely specifying the optimum intensity and type of lighting to be used. 
Faulkner and Murphy (1975) illustrate a number of ingenious ways in which 
special purpose lighting can be used to enhance the discriminability of 
defects. They point out that the simple expendient of increasing 
lighting levels is not necessarily the most effective way of increasing 
task performance. They describe a number of lighting techniques including 
grazing illumination, polarized light, spot lighting, dark field illumination
etc which can be used in various situations. Case studies from the 
glass industry in which lighting is used to enhance defect discriminability 
are given in Gillies (1975).
Fox (1977) 'cfe^cribes an interesting series of experiments designed 
to investigate problems experienced in the quality control of coins 
produced at the Royal Mint. In one investigation he compared the error 
detection rate when a bank of five 40 watt fluorescent lights were placed 
immediately, above the workplace in a horizontal arrangement, and when the 
bank was angled on its supports. This second condition purposefully produced 
specular glare from the coin surfaces. The interesting aspect,, however, 
was that the quality of the glare changed with the absence, presence and 
even type of coin defect. Thus the difficulty of the inspector's task 
was reduced to one of detecting the type (intensity) of glare rather than 
the presense of a misshapen or damaged coin (in other words, contrast 
between the faulty part of the item and its background increased) .
Although the fault detection rate did not differ using the two arrangements 
Fox argues that the angled position allowed a more, 'standard' performance 
from the inspectors. Unfortunately, he provides no details of the angle 
used., and made no attempt to carry out a 'controlled study of this question. 
Nevertheless,, the use of glare to benefit the inspector is an interesting 
concept., although it should be pointed out that the prolonged use is 
likely to cause, visual fatigue.
Inspection using microscopes and other magnification aids has become 
increasingly important with the growth of the microminiature integrated 
circuit industry. Mangnification is an obvious aid for the inspector - 
particularly if the task includes significant acuity components. Inreasing 
the apparent size of the object will also increase the size of the defect
to be detected. However, the term ’magnification’ should not be limited 
solely to discussing ’size’. In other words, the important consideration 
is not so much the magnification size but the size of the image on the 
retina.. This contention is supported by Smith and Adam’s (1971) and 
Smith’s (1975) results when they demonstrated that no matter what size 
object was used, the optimum magnification was that producing an image 
which subtends an angle of about 8 - 9  minutes of arc at the eye. This 
factor remained constant even under different illumination levels. .
Froot and Dunkel (1975) point out, that a number of other 
parameters of the microscope system need to be taken into account, 
including resolving power, aperture and depth of field. They cite 
a case study where two groups of inspectors could not agree over the 
incidence of defects in a batch of products.. It transpired that 
although they were using microscopes.of identical magnification, 
they had differing resolving power for defects. A detailed case 
study involving the use of magnification in the inspection of 
rubber seals is given in Astley and Fox (1975).
Visual aids in the form of overlays have also been shown to 
be beneficial to inspection performance. Using such aids it is often 
possible to help the inspector to spot defects by making them stand 
out from the background. The inspector task thus becomes one of 
looking at each and every individual item.
Finally, the use of visual aids in an ’unrestricted’ manner could 
lead to decreases in performance. For instance, from the scanty data 
available, there is an optimum level of magnification, and levels 
both above and below this, tend to result in reduced performance.
2.1.2.3 COMPLEXITY
The variable of complexity is an extremely difficult one to 
quantify. Firstly there is the question of defining an adequate 
index of complexity. In inspection studies complexity has usually 
been described in terms of the number of items which would be 
potentially defective on each unit inspected. For example, Harris 
(1966) found that the index of complexity assigned to circuit modules 
by a panel of experienced judges, correlated higher with the number 
of major parts making up the item. It seems likely however, that 
variables such as the arrangement of the parts constituting the 
item are also important, either because of the Gestalt consideration 
suggested by Fox (1964) or through the facilitation or otherwise 
of an efficient search strategy.
At least two other aspects of complexity can be considered, the 
complexity of the defect itself and the complexity of the background 
in which it is embedded. The conspicuity of the defect could well be 
regarded as the degree to which it shares common attributes with the 
field within which it is embedded. One might expect this variable to 
be partly dependent on the number of these shared attributes which 
occur within the defect and its background.... Possibly a quantitative 
estimate of detectability as a function of this concept of complexity 
could be derived.
The clearest effect of complexity on inspection efficiency come 
from the Harris study (1966) which demonstrated an almost linear
reduction in detection performance with increasing item complexity 
(complexity was defined in two ways - either according to a rated 
complexity index, or in terms of the number of components - circuit 
boards, transistors , wires, etc - in the equipment). A dynanic 
visual inspection task used by Purswell et al (1972) showed a similar 
relationship, where subjects had to remove grids containing geometrical 
patterns from a conveyor belt. McFarling and Heimstra (1975) used 
printed circuit boards containing varying amounts of circuitry as 
constituting differing complexity levels. Decision time was found 
to increase with increasing circuit complexity whilst defect 
detection performance declined. Another variable investigated was 
pacing, and it was found that as circuit complexity increased, 
there were larger increases in decision time for self-paced 
subjects than for their machine paced conterparts.
It seems therefore, that increases in complexity can be regarded 
as generally reducing defect detection probability. This can partly 
be accounted for by visual search considerations, because in paced 
situations there will be many occasions when the inspector will not 
have had time to examine each potentially defective attribute of the 
item in the viewing period allowed. The persistence of the effect . 
even in self-paced situations suggests, however, that other perceptual 
variables may also be important. Studies of image interpreters, 
eg Powers et al (1973) have shown that in multiple defect situations 
interpreters often have a far lower detection efficiency for 
subsequent defects after an initial one has been found. Each item could 
be regarded as a potential host for passible defect - it may harbour
more than one defect of a certain type, or defects of a variety of types. 
Flaws may vary also in magnitude (Geyer et al, 1979). Each defect type 
has its own probability distribution, though P ’ will continue to be 
defined: as the probability that an item is defective per se (contains 
at least one rejectable fault). The perceptual process,now. become one of 
scanning, or searching, for multiple defects occurring in multiple 
locations on each time. Recently, Czaja and Drury (1981a) have examined 
a neglected area, training for multiple-attribute inspection, and 
Gallwey (1982) has found correlated performance on multi-attribute 
inspection with various prediction tests.
Finally, it can be said that since the detection decrease could 
not be overcome simply by increasing inspector's time, the suggestion 
of using visual aids with complex equipment seems a useful one in these 
circumstances.
2.1.2.4 DISPLAY ORGANIZATION
This variable is another which one might expect to be influenced 
both by visual search and perceptual considerations. Wil-liges and 
Streeter (1971) found no significant differences in performance as 
measured by correct defect detections and false alarms between an 
ordered and a random display consisting of 600 transparent discs 
containing occasional pin hole defects. This result is in conflict 
with visual search studies and with other inspection studies which 
have considered the same variable. The authors suggest that this may 
have been due to the close proximity of the inspection items in both
the ordered and random arrangement. In fact many of the subjects 
after completion of the experiment stated that they had been 
unaware that the discs had been displayed in both a random and 
ordered fashion.
In a laboratory visual search situation Bloomfield (1970) found 
that an irregular display took longer to search than a regular one.
One would therefore expect this variable to be of importance in paced 
situations, and in fact in the Williges and Streeter study a significant 
interaction was obtained between paced and unpaced presentation and the 
ordering or otherwise of the items. Detection performance was significantly 
better with the regular display under the paced condition than the 
irregular display.
The effects of display arrangement are not necessarily due to visual 
search considerations alone. An industrial study by Fox (1964) considered 
the effects of the random or regular arrangement of coins on a conveyor 
belt at the Royal Mint. The regular display.proved considerably superior 
to the random arrangement and Fox proposed that the result would be explained 
in terms of Gestalt theory, ie the defective coins emerged more readily 
from regular 'good Gestalt’ background than from the random, and therefore 
difficult to perceive arrangement. An alternative explanation is simply 
that the search time was longer in the irregular display case, since the 
inspection was paced, a longer search time would produce a lower rate 
of detection of defects independent of any effects on the intrinsic 
perceptibility of the defects. It is not possible to decide which of 
these explanations is appropriate from the Fox paper. Indeed it is 
difficult to see how the two variables could be experimentally disentangled. 
Nevertheless, the possibility of effects at a perceptual level in addition 
to the peripheral consideration of visual search cannot be ruled out.
Scott, Blair and Copper (1942) suggested that 'learnt Gestalten' 
seemed to develop in certain skilled operators and Thomas (1962) quotes 
several industrial examples where inspectors seemed to detect defects 
on a holistic, figure/ground basis, rather than by a process of search.
Eye movement studies in situations of this type would presumably clarify 
the issue as to whether search was taking place.
In a study already mentioned earlier, Lion et al (1975) compared 
performance on a single line conveyor belt system with a three line 
system. The test items consisted of plastic discs which contained either 
a broken link pattern (defect) or a complete pattern. Detection performance 
was superior on the three belt system. However, in order to provide the 
same amount of material per unit time to the inspector the single belt was 
run at 18cm per sec, ie three times the speed of the three line belt. Since 
this exceeds the limits proposed by Williams and Borow (1963). (ie 2cm per sec) 
at which performance decrement occurs, it seems likely that the obtained results 
were due to this variable rather than the organisation of the display.
Because, the width of the belt is often large and the objects to be 
viewed, are being continuously moved along, the inspector has often difficulty 
in knowing what he has inspected and what he has not (whether the organisation 
of items is random or ordered). It is, therefore, useful to design a 
conveyor belt where the display is not so large as to increase the visual 
field for inspection and at the same time production is not slowed down.
2.1.2.5 SIGNAL RATE
Signal rate is an important variable which has received considerable 
attention in both vigilance.and inspection research. Early work in 
vigilance tasks, Jenkins (1958), Kappauf and Powe (1959) suggested that 
lower signal rates produced reduced detections by causing an increased 
vigilance decrement. Colquhoun and Baddeley (1964, 1967) showed, however, 
that this was at least partly an artefact due to the subjects having an 
inappropriately high expectancy of the signal rate.
It was further shown by Colquhoun (1961) that it was the conditional 
probability of a signal given an event occurred, that determined detection 
efficiency rather than the actual frequency of signals in time. In 
general it has been shown that an increase in signal probability produces 
an increase in both the detection rate and the false alarm rate, 
eg Baddeley and Colquhoun (1969), as would be predicted from the Signal 
Detection Theory (SDT) considerations discussed in Section 2.1.1.3.
Rather few inspection studies have explicitly varied defect rate or 
probability as an explicit experimental variable. Fox and Haslegrave’s 
study (1969) had the virtue that it was conducted in an industrial 
environment. They attempted to verify Colquhoun’s finding of the 
importance of signal probability as a determinant of defect detection 
efficiency as opposed to stimulus frequency.. They investigated both a 
static and a conveyor paced situation where screws were inspected for a 
variety of faults. No significant differences in correct detection 
probability were found in the paced condition, but the static condition 
showed the expected straight line relationship between detection 
probability and defect probability. It is not clear why the effect was 
not observed in the paced condition, but it seems likely that other 
variables such as the conveyor speed (52 feet/minute) swamped the 
probability effect. It is clear, however, that data from experiments 
of this type have to be interpreted with care. A well known study by 
Harris (1968) employed four different defect rates on a scanning type 
inspection task using four groups of inspectors. Using as a measure 
of inspection accuracy the proportion of defective items that were 
detected, Harris stated that the.accuracy of inspection declined with 
decreasing defect probabilities. Baker and Schuck (1975), however, 
took the Harris data, and using the equal variance SDT model, calculated
that d ’ (detectability) was not significantly different for any of the 
probability conditions. They therefore stated that Harris was in 
error and that inspector accuracy did not change as a result of signal 
probability. This is a good illustration of the confusion that ensues 
when differing measures of inspector performance are used. In reality 
both authors were correct within the descriptive terminology they were 
employing. If anything, Harris’s conclusions were to be preferred to 
those of Baker and Schuck because, the latter authors did not bother to 
check the appropriateness of. the equal variance assumptions implicit 
in their use of the SDT model. The results are, of course, explicable 
in terms of the inspectors employing a criterion appropriate to the 
ongoing defect probability.
One study exists in which a within session change in the defect 
rate is considered, Sims (1972). The study used printed circuit board 
inspection as a simulated industrial task, and showed that although 
inspectors generally accurately perceived the quality level of the 
incoming product, there was considerable intersubject variability in 
their ability to adjust to changes in defect rate.
The only dissonant study of the general conclusion that an increased 
defect rate enhances detections is one by Sosnowy (1967). This study, 
which was a simulated inspection of ball bearings, only showed the usual 
relationship at a high rate of pacing, ie 240 items per minute. 
Unfortunately, the original study could not be obtained by the reviewer 
(it is reported in Badalamente and Ayoub, 1969) and hence the index of 
inspector accuracy used and the precise experimental conditions could not 
be ascertained.
The use of artificial signals in an inspection task to increase the 
apparent defect rate and thereby enhance the detection rate (and false
alarm rate) has been proposed by Wilkinson (1964). Although his 
’inspection’ task is actually a laboratory vigilance task, there 
seems to be no reason why the technique should not be applicable in a 
real life situation as long as the artificial ’defects’ could be 
readily separated from the real ones and the situation was such that 
false alarms were not ’expensive’.
2.1.2.6 NUMBER OF INSPECTORS
Schlegel et al (1973) compared the performance of a single versus 
a dual- inspector system in a Landolt ring, conveyor based inspection 
task. The task used an inspection, period of 45 minutes in order to invest­
igate the effects of the two systems on a possible vigilance decrement.
In terms of probability of detecting a defect,, the two inspector system 
was significantly superior to the single inspector. The false alarm 
probability showed no significant difference. These results were in line 
with what would be predicted from the simple statistical combination of 
the two inspectors’ efficiencies. The two inspector system had the additional 
bonus that there was significantly less vigilance decrement in performance.
The reasons, for this are not obvious,, since the inspectors were separated 
by screens and.could not monitor one another’s performance. It seems 
possible that the element of competition in the two inspector case provided 
an increased level of arousal and hence reduced.any vigilance decrement.
This study has obvious implications for real life inspection systems.
It should be noted, however, that the stimuli used were considerably 
easier than those normally found. A slightly different arrangement was 
used by Lion (1975). In an experiment described in detail earlier, the 
performance of inspectors on a three line arrangement of items on a conveyor 
belt was compared with the performance of the two inspectors seated on
opposite sides of a six line conveyor. Performance in the two inspector 
arrangement was significantly better than using a single conveyor both 
in terms of correct detections and fewer false alarms. The authors 
attributed the result to the stimulus of doing a job in unison, the 
feeling of competition and the reduction in boredom due to the opportunity 
to talk. Since, the length of each session was only 12 minutes, the 
first two factors seem more likely to be important than the last.
A study by Morrissette et al (1975) showed a similar improvement in 
performance in team monitoring using a laboratory task. The evidence 
suggested that performance was improved by social facilitation, ie the 
monitors performed better when working together than separated. The 
evidence strongly suggests therefore that inspection efficiency will 
be improved by operator redundancy. In practice, such redundancy 
does occur in industrial situations when particularly critical products 
are being inspected.
In using more than one inspector, a decision has to be made whether 
the economic advantages accruing from the higher detection efficiency 
expected exceeds the cost of additional inspectors.
2.1.2.7 REPEATED INSPECTIONS
The assumption, here, is that the likelihood of detecting defects 
increases with the number of different inspections made. Hence, batches 
of product are sometimes inspected repeatedly in order to raise the 
probability of defect detection. This may be done by the same inspectors 
oran  independent inspection may be utilized. This latter arrangement 
is clearly preferable since re-inspection by the same inspector means 
that the same defects are likely to be missed particularly if there are
systematic errors in inspection strategy. Belbin (1957) gives an 
example of the repeated inspection of ball bearings, although he 
does not state whether or not it was independent. After the first 
inspection 63% of the defects were found, and a further 16% were 
found after the second pass through the system. Harris and Chaney 
(1969) p.78 describe the repeated inspection by ten independent 
inspectors of an electronic module. Performance in defecting critical 
defects continued to improve (at a slightly increasing rate) with the 
addition of independent inspections up to a total of six. Little increase 
in inspection accuracy was noted when more than six independent 
inspections were employed. Performance in detecting non-critical defects, 
on the other hand, continued to improve as additional inspections were 
added. The overall performance level in detecting non-critical defects 
was lower and the rate at which accuracy increased was also lower than 
for the detection of critical defects. These results tend to confirm 
that different inspectors do not necessarily find the same defects.
Eilon (1962) presents an operational research type model which 
specifies situations, depending on the cost of inspection, when it is 
economically worth while to recycle products through an inspection station. 
The question of the efficiency of independent repeated inspections versus 
a team inspection approach is a complicated one. One way of looking at 
the situation is to assume that an interacting inspection team combines 
the advantages of social facilitation noted in the last section with the 
theoretically higher probability of detection due to the possible 
’blind spots' of the individual inspectors being eliminated by the overlap 
of abilities. On the other hand, it is possible that the team consensus 
as to what constitutes an acceptable product may be incorrect. The effect 
of this could mean that the.findings of more accurate inspectors within
groups could be rejected, or not reported, due to group pressures.
Further work is clearly needed in this area.
2.1.3 ENVIRONMENTAL FACTORS
Traditionally, these factors include heat, lighting, noise and 
workplace design. Despite the fact that lighting has already been 
considered in an earlier Section (2.1.2.2), a brief account of its 
importance in a visual inspection task will be reviewed here. The 
essence of a good inspection lighting is to make conspicious thosefeatures 
which made the defects different from the rest of the product.
Unfortunately,, there is no one method of lighting which will do this for
all types of defect., Boyce (1981). Lighting can both help and hinder 
visual inspection. One best procedure when considering lighting for 
visual inspection ,is, to first establish the nature of the defects 
that need to be identified, and then to decide on the type and arrange­
ment of lighting that is most likely to increase their visual detection 
lobes without discomfort to the inspector. Then equipment that provides 
the type of lighting required can be constructed. Much advice is 
available on the best inspection lighting for different materials. This 
advice is correct but it should be remembered that a defect is not a 
single entity. Defects in a product can have a number of components.
For instance, a scratch on the surface will have a size, a contrast and 
a texture, and possibly will reveal a different colour. The important
aspects of the defects are those that make the defect different eg a
scratch different from other marks on a surface. Given that appropriate 
lighting conditions can be identified, then lighting can make a 
contribution to easing the difficulties of visual inspection; but it
should not be supposed that it will solve all the problems of 
inspection work.
There have been no studies in which heat has been considered as a 
explicit variable. The evidence from vigilance tasks Mackworth (1969) 
suggests that whereas cold may slow reactions and interfere with detections 
particularly at the beginning of a session, heat tends to increase missed 
signals at the end of a prolonged vigil. These results may be extended 
to inspection tasks with the caution suggested earlier.
McFarling (1974) considered performance under noise conditions in 
a simulated printed circuit board inspection task which investigated 
the effects of a number of interacting variables. Inspector performance 
in a quiet condition was significantly better, measured by defect 
detection probability, than under 90dB white noise condition. False 
alarm scores were not significantly different in each case. This better 
result is unexpected since in vigilance tasks the decrement in detection 
performance under noise conditions is generally a result of an increase 
in beta (Broadbent, 1971) . The result obtained suggests a lower sensitivity 
in noise. The author was unable to account for the effects but Mackworth 
(1969) suggests that similar results in vigilance experiments are due to 
distraction effects. A very similar study by Ehlers (1972) also 
considered the effects of noise on the inspection of printed circuit boards. 
Three white noise levels, 50, 70, and 90 dB were employed, and defect 
detection performance was significantly worse in the 90dB condition. A 
deterioration in performance over the 70 minute inspection task occurred 
under the 50 dB noise condition but not under the 70 or 90dB condition.
False alarms were not analysed because only 10 in the 19,000 good 
circuits inspected were called bad. These results suggest that in common 
with other monitoring tasks noise levels of 90dB and above should be
avoided in inspection situations, although a moderate level of noise 
serves to reduce vigilance effects. In other words, under some conditions 
the ’correct’ type of noise might increase performance. Poulton (1977) 
has suggested that noise may act as an arouser when dealing with boring, 
repetitive tasks, while Fox and Embrey (1972) demonstrated significant 
improvements in performance with background music.
Workplace design is clearly a variable which needs to be considered 
in the design of inspection stations, where a worker may be carrying out 
a visually demanding job for long periods. Astley and Fox (1975) present 
a case study which shows how anthropometric considerations are taken into 
account in this situation.
However, when considering how the operator’s workplace should 
be arranged around him, two factors need to be assessed. The first 
concerns his communication requirements - communication with his colleagues 
and machines (his mobility, and visual and auditory needs). The second 
relates to his feelings of ease and comfort with respect to the position 
of other people in his immediate environment. In this case concepts such 
as personal space and territoriality have been borrowed from the behavioural 
analyses of animals to explain how these factors could help with performance.
2.1.4 ORGANIZATIONAL FACTORS
Organizational factors are important determinants of the effectiveness 
of any real inspection system. If there is disharmony within the inspection 
team, or conflict between production and quality control, then even the most 
perfectly designed inspection system will either fail to function effectively 
or its findings will go unheeded. We will first consider the more general 
socially orientated factors that influence the effectiveness of inspection 
and then some of the specific organizational factors which directly 
influence inspection performance.
McKenzie and Pugh (1957) consider the effects of the relationship 
between the production and inspection departments in industry, where lack 
of communication exists, production departments will gnerally be
critical of attempts by the quality control section to assess their work.
Social pressures by their workmates will often persuade inspectors to
modify their judgements even when there has been no objective change
in quality.
The authors comment on the very high degree of individual variation 
in inspectors and even inconsistency within their own judgements. The 
general point made is that it is this inconsistency that leads to the 
deterioration of relationships between inspection and production 
departments. Recommendations are made to regularly calibrate inspectors 
with reference standards.
Belbin (1957) discusses the issue of the differences between the 
customer’s quality standards and those adopted by inspection departments. 
He presents a real life example which shows that many of the complaints 
from customers of a particular firm were due to defects for which the 
inspector had not been told to look for. Similarly many of the faults 
for which inspectors did reject items were of no consequence to the 
customer. The effect of the continuing complaints from the customer 
was to make the inspector reject more and more products for the wrong 
reasons. Belbin points out that the quality standards required may 
fluctuate due to variations in demand, and suggests a scheme for 
defining quality levels so that inspection criteria can be readily 
modified. The effects of social pressures on inspectors is illustrated 
by an example from a hosiery factory where inspectors had to feed back 
repairable, defects to their workmates for mending. The defects could be 
classified as rejects or mendable, the latter producing a much higher rate 
of pay for the menders. A combination of social pressure from the
operatives on the inspectors, and a lack of clearly defined quality 
standards meant that virtually all of the defects were classified as 
being mendable.
McKenzie (1958) regards inspection accuracy as being determined 
by basic individual abilities, environment and formal organization, 
and interpersonal and social relations. One of the most 
important organizational factors is the provision of reference 
standards for the inspector. Thomas (1962) emphasized the importance 
of clear, unambiguous, examples of both reject and perfect products 
being provided because of the tendency of perceptual- judgements 
to drift with time. Equally important is the provision of inspection 
instruction. Raphael (1942) describes how some viewers inspecting 
fabric were rejecting 53% of the product whilst others in the same 
group were rejecting only 13%. It transpired that the specification 
allowed a tolerance of 3 millimetres but some of the viewers had not 
been informed of this. The question of the drift of perceptual standards 
and.the possibility of ameliorating this by weekly ’calibration meeting' 
is discussed in McKenzie (1958). The same paper cites further examples 
of the effects of social factors on inspection, standards. A group of 
two operators and an inspector worked as an isolated group apart from 
occasional visits by a supervisor. There was obviously a tendency for 
the group to identify itself as a cohesive whole and hence the 
inspector could not be expected to make decisions that might disrupt the 
group, unless they were based on unambiguous evidence. Mitchell(1935) 
provides evidence of poor social relationships between operator and 
inspector biasing the latter’s inspection standards, as does Roethlisberger 
and Dickson (1939). McKenzie (op cit) points out that inspection sections 
tend to have a tightly knit social structure, partly because of their 
small numbers and partly because of their control function vis a vis
production, - which tends to lead to strained relations between the two 
functions. A survey conducted among patrol inspectors suggested that 
they felt that they were viewed unfavourably by production operatives.
Thomas and Seaborne (1961) criticize many experimental studies 
of inspection because they remove the individual task from its socio- 
technical context and examine it purely in terms of psychophysical 
performance. They point out. that the laboratory study lacks much 
of the concomitant information which serves as a frame of reference 
in the industrial task. Often the industrial inspector utilizes sources 
of information, such as a knowledge of the supplier, which enables him 
to use an appropriate criterion, in the SDT sense. Of course, if such 
information is unreliable, the inspector’s accuracy may be reduced.
There is very little opportunity for inspectors to develop consistent 
standards in a situation where the range of quality of the input items 
varies widely and where there is little feedback as to the quality of the 
final product required. In many real inspection systems, the inspector 
is required to continuously modify his standards to take into account 
factors such.as market conditions, level of output and demand. Because 
of the emphasis on inspection studies in critical areas where quality 
specifications are clearly defin'ed, this variable quality aspect of 
much 'bread and butter' inspection has tended to be neglected. In an 
analysis of a particular inspection task, Thomas and Seaborne (op cit) 
showed that the inspector’s function could be regarded as satisfying the 
sometimes conflicting needs of the sales organization, the production 
department and the raw material purchasing department. The inspector 
utilized his knowledge of the manufacturing process to inform production 
operatives of deterioration in the process. His inspection of raw
materials provided information influencing his judgements of the final 
product. Finally he was frequently approached by the sales manager, and 
on the basis of information on the state of the market would raise or 
lower his standards with regard to certain faults.
His analysis suggests that in real life situations the sources of 
information utilized by the inspector arriving at his accept/reject 
decision are far more complicated than in the laboratory situation.
He received feedback from sales and from any check inspection that may 
be carried out. He received feedforward information about the state of 
raw materials and from his knowledge of the manufacturing process, and 
finally he utilizes the sensory data present in the actual item being 
inspected. We can see that in real inspection systems, the ability 
of the inspector to modify his criterion on the basis of additional 
information is an important quality.
2.1.4.2 MOTIVATIONAL VARIABLES
As Wiener (1975) points out, it is surprising that there has been 
little scientific investigation of the effect of motivational factors on 
inspection, particularly in view of the popularity of this approach in 
industry.. Many propaganda-style exercises such as the ’zero defects’ 
programme (Swain, 1972) have been tried and varying degrees of success 
reported. Unfortunately the quality control journals which report such 
research do not employ indices of performance which are sufficiently 
precise to make unambiguous conclusions possible.
The use of financial incentives is the obvious way to influence 
motivation, and has no doubt been employed in many companies for this 
purpose. There is, however, little hard evidence as to its efficacy or
otherwise. Ergonomists working in inspection have tended to reject 
financial incentives in this area. However, as- Wiener (op cit) 
points out these assumptions may not be true for other forms of 
incentive such as knowledge of results. Mitten (1957) describes 
how female roller bearing inspectors were offered, in place of bonus 
pay, time off for high performance. As soon as a week’s inspection 
-target was achieved, the inspector could take the next time off and 
receive a full week's pay. This was particularly attractive to these 
workers, who were mostly young, unmarried girls living at home, more 
easily incentivated by free time than extra money. Although this 
incentive seemed to be effective in this case, social disharmony could 
result in inspection systems in which there were a wide range of 
ages and abilities.
Vigilance studies have not shown financial incentives to be very 
effective in maintaining performance, possibly because the financial 
rewards may influence performance through indirect means such as 
modifying an inspector’s visual strategy. Bloomfield (1970) describes 
experiments in which he produced extremely large increases in visual 
search performance by offering monetary rewards.
The use of knowledge of results (KR) in training for perceptual 
skills will be considered in detail in a subsequent section. It has been 
suggested by some workers that knowledge of results exerts a motivational 
effect quite distinct from its informational content, (eg Wiener and Attwood, 
1968, Warm et al (1974). Even though knowledge of results may be 
difficult to provide in a real-life task, the evidence suggests 
that the benefits of ,KR continue even after its withdrawal, Wiener (19 63), 
Annett (1966). Drury and Addison’s (1973) industrial inspection study
clearly demonstrated the enhancement of performance due to knowledge 
of results, but is was still to say whether this was due to its 
informational content, motivational effect, or a combination of both. 
Despite Annett's (1969) position that motivation is an unnecessary 
construct in explaining the effects of KR, the evidence overall seems 
to suggest that at least some motivational effect must be present when­
ever information feedback is given.
2.1.5 INDIVIDUAL FACTORS
In vir.tually all studies of inspection proficiency the largest 
contribution to the variance of the results is individual differences 
between the inspectors. In view of this, it is surprising that so 
little, work has been done on identifying the source of this 
variability. Usually individual differences are regarded as a 
’nuisance variable’ which experimenters seek to eliminate from their 
designs. A detailed consideration of the nature of the individual 
differences which affect inspection performance would seem to be a 
most effective way of enhancing performance in inspection systems 
where this task and environmental variables have already been 
optimized. The major ways in which individual differences affect 
the performance of an inspection system are through selection and 
training.
2.1.5.1 SELECTION
Large differences have been found among people in their ability 
to perform inspection tasks. As a consequence the selection of people 
for inspection tasks on the basis of aptitude is likely to have a
positive impact on inspection performance. As implied by the inspection 
model in Chapter One, two major groups of variables will affect a 
person’s ability to perform inspection, peripheral factors such as 
eyesight which affect the acquisition of the necessary sense data, 
and cognitive factors which determine how the sense data will be 
interpreted. Although differences in cognitive skills can be 
reduced by training, it would not be surprising if there were intrinsic 
differences in certain cognitive abilities necessary for inspection 
which selection procedures could identify. As we shall see, up to 
now, research on selection methods appropriate to inspection has 
proceeded in a very ad hoc manner. Very little attempt has been 
made to analyse the non-intellectual skills which may be necessary for 
inspection. Nearly all of the studies which exist on selection for 
inspection have attempted to.correlate some performance index with a 
more or less arbitrary group of standard industrial tests. We will first 
consider the individual variables that more directly affect the target 
acquisition phase.
2.1.5.1.1 VISUAL ABILITIES
It is clear that the visual skills of an inspector are an important 
determinant of his overall efficiency. Depending on the nature of the 
task, static or dynamic visual acuity will be important. Ayers (1942) 
and Tanalski (1956) both found strong relationships between various 
static visual measures and indices of inspection performance. Nelson 
and Barany (1969) have developed a test of dynamic visual acuity where 
the test material and conditions incorporate many of the features of the 
inspection task for which the inspectors are being selected. However, 
it is important to note that there is no significant, correlation between
measures of static and dynamic acuity (Burg and Hulbert, 1961).
Moreover, as Megaw (1979) points out, such tests are difficult and 
expensive to develop if they are to be in any way predictive.
Standard visual tests have been developed for static visual 
skills required for various tasks including inspection. The best 
known of these, the Orthorater, is described in Trirnby (1959). In 
situations where colour is an important cue in identifying defects one 
of the standard colour blindness tests needs to be incorporated in the 
routine testing schedule. Virsu (1972) presents a sophisticated review 
of the visual factors affecting the inspection of radiographs. The use 
of the Modulation Transfer Function (MTF) (Cornsvs/eet,1970) approach to 
measuring visual performance is proposed as being far more efficient 
than traditional measures of visual acuity. He proposes that in the 
case, of radiographs, the translation of monochrome photographs into 
coloured slides using MTF techniques would optimize the visual 
performance of the inspector.
It still remains the case, however, that all these are results 
obtained from subjects in the laboratory and have not been validated in 
the case of industrial tasks,
2.1.5.1.2 SEX
Although women are more often found in the inspection departments
of manufacturing industry than in most other sections, there is no
solid evidence that there are substantial differences between the sexes
in ability for inspection work. Only one inspection study, McFarland (1972)
seems to have included sex .as a major variable, and the only difference
found was in the greater variability of response times for women. Of
the vigilance studies that have considered this variable, six found no 
significant differences at all (Waag et al, 1973; Smith et al, 1966;
Gale et al, 1972; Kappauf et al, 1955; Kirk and Hecht, 1963; and McCann, 
1969); in two studies men performed better, Neal and Pearson (1966)
Heimstra et al C1967D and in three others there was no significant main 
effect of sex but significant interactions with other variables,
Baken and Manley (19633; Krkovic and Sverko (19673 ; Whittenberg and Ross 
(19533. Davies and Tune (19703 critically reviewed vigilance studies in 
which the performance, of male and females had been compared. They 
noted that although some investigators have found men to be superior 
to women, the bulk of the evidence suggests that monitoring efficiency 
is unrelated to the sex of the observer. So, despite the occasional 
demonstration of sex-related differences in vigilance, Davies and 
Parasuraman (19823 have pointed out that these differences are usually 
quite small, and consequently of little practical or theoretical 
importance. Clearly, a need for substantial evidence is required if we 
want to select inspectors purely on the basis of sex.
2.1.5.1.3 PERSONALITY VARIABLES
Owing to the general popularity of personality scales in the post-war 
years,, one would think that a wide variety of such scales would have 
been employed to select industrial inspectors. Virtually no work has been 
done on their use for selecting inspectors. The reviewer is unable to 
uncover a single case where personality tests were used to select 
people for inspection tasks. The closest would be the work of Colquhoun 
(1959, 19603, but these should be discussed under vigilance tasks even 
though he uses the word ’inspection’ in the titles. In vigilance tasks 
of this type, the Eysenck Personality Inventory (EPI3 has been 
extensively employed to investigate the importance of the extraversion- 
intraversion personality.variable in influencing performance. Although 
it is often stated that the intrinsically more highly self-aroused 
(according to Eysenck's theory) intraverts do better at vigilance tasks.
the results are somewhat more equivocal (Mackworth, 1969). A number 
of other studies using personality variables in vigilance experiments, 
have found very few significant correlations with performance. In 
spite of the lack of success in utilising these variables in vigilance 
tasks, there does seem to be a. case for investigating the use of some 
of the more easily administered tests, such as the EPI, in an inspection 
context, particularly if prolonged monitoring is involved.
2.1.5.1.4 AGE
Research into the ageing process has generally established a slowing 
of response time, and deterioration of sensory and perceptual skills 
(Welford, 1958). There are few studies available in which age and 
inspection accuracy have been considered. Sheehan and Drury (1971) 
and Drury and Sheehan (1969) report a gradual decline in d 1 (detectability) 
with age (range from 30 to about 65), and a significant negative 
correlation between d ’ and age, with d' declining about C.2 units per 10 
years of age. The authors point out that in each study there were only 
five subjects, and therefore urge caution in any conclusions about age ~ 
effects. In a recent study by Czaja and Drury (1981b), search time 
was the only variable significantly affected by age, with a progressive 
age decrement in performance, but it was smaller in magnitude. In 
Jamieson’s interesting study of electronics inspection (1966), three 
groups of subjects (age to 60) showed the opposite, negative correlations 
(-0.49, -0.87, -0.70) between age and inspection errors. Jacobson (1953) 
found increasing accuracy of electronic inspectors up to age 34 (d* = O.go), 
then a decline to age 55 (d.’ = 0.75). Evans (1951) reported no effect 
at all.
Vigilance experiments have usually shown either no age effect 
or weak negative effects with ageing and this only when the stimulus 
presentation rate is high, eg Thompson et al (1963). Older subjects' 
performance suffered compared to younger ones at the highest of three 
input rates. This is consistent with other research on the elderly, 
which indicated no age effect as long as the input is below a certain 
rate, supporting the wisdom of not placing older workers on paced 
inspection lines. The general finding that short term memory capacity 
declines with age (Walsh and Thompson, 1978), will clearly have a 
deleterious effect on rapid conveyor paced inspection, where the older 
inspector may have difficulty in retaining the information from the 
display in his short term memory before, the next item has to be inspected.
In summary, there is no conclusive result due to age effects. It 
seems likely that older persons will make good inspectors as long as 
they are employed in tasks in which their perceptual skills are utilized 
but which do not place heavy demands on their sensory or information 
processing capabilities. Another point is that these studies did not 
answer the question of whether experience and other variables such as 
conscientiousness outweighted the negative factors of ageing.
2.1.5.1 SELECTION TESTS
A number of testing procedures have been applied to the selection 
of inspectors with generally disappointing results. Many early studies 
suffered from the drawback of correlating supervisors ratings, rather 
than objective measures of performance, against test scores. Wiener 
(1975) points out that such ratings are probably based on the supervisors 
perceptions of earnestness and co-operation and that the correlations 
between these variables and actual inspection performance are unknown.
Link in his study (1920) on munitions inspectors, reports 
correlations of the order of 0.50 for three tests: card sorting, 
number cancelling, and number group cheeking. His criterion was rate of 
output, not accuracy, however, Wyatt and Langdon (1932) reported 
correlations between 0.25 and 0.40 for four tests predicting eight 
inspection tasks. Wartime work in the USA was exemplified by 
Sartain’s study (1945) on selection of inspectors in the aircraft 
industry. He reports a rather high multiple correlation, r = 0.79, 
between seven tests and supervisory' ratings. Only low correlations 
were obtained using similar techniques by Schuman .(1945) who correlated 
three tests with supervisors’ ratings and found correlations of 
r = 0.52, 0.50 and 0.66. Intercorrelations were not reported.
Tiffin and Rogers (1941) found near-zero correlations in their test 
battery, the one exception being r = 0.34 between the Purdue Hand 
Precision Test and detection of an off-weight condition.
It is astonishing that the rehewed interest in industrial 
inspection has not spawned new tests. Those used so far were ’standard’ 
industrial aptitude tests; none was tailor-made for predicting inspection 
proficiency. The one exception that we are aware of is the Harris 
Inspection Test (HIT), a paper and pencil test that can be administered 
in 10-20 minutes. Harris reports rather remarkable results for the 
test. In an early, paper (1964) he found significant validity coefficients 
between the HIT (not to be confused with Holtzman Inkblot Technique) and 
three out of four electronic inspection tasks (r = 0.39, NS; r = 0.51,
0.58 and 0.86 p < 0.05). When the test was administered as part of a 
battery to 26 machined parts inspectors, however, no significant correlation 
was obtained between test scores and job sample measures of performance
(Harris and Chaney, 1966). By combining together the two most valid 
measures in the battery, the number comparison section of the Minnesota 
Clerical, and the Industrial Mathematics test a multiple correlation of 
r = 0.75 was obtained. No further validations of the HIT have appeared 
in the literature. Recently, Gallwey and Czaja (1981) employed two 
experiments to assess the validy of the Harris Inspection Test as a 
selection tool for industrial inspectors. These studies fail to 
duplicate his findings. The data indicate that the Harris test is not 
a valid selection test for industrial inspectors. There has been no 
systematic attempt to isolate the underlying individual factors which 
are important in inspection and to incorporate these variables in 
selection procedures. It is not surprising, therefore, that attempts 
to. correlate performance with arbitrarily selected standard tests have 
been unsuccessful. The fact that the HIT, although successful in the 
application for which, it was originally designed., did not predict 
performance in another type of.inspection, suggests that it did not 
measure any general underlying ability.
The field is ripe for development of new industrial selection 
devices for inspection tasks. If traditional paper and pencil tests 
will not do the job, perhaps an apparatus test can be developed. With 
the availability of solid-state circuity, a light, small, low-cost 
piece of apparatus, perhaps a vigilance-like task, is not out of the 
question. Even a slide projector-based task would be reasonable. If 
someone does not at least see the intellectual challenge, he should 
certainly see the commercial possibilities.
2.1.6 TRAINING FOR INSPECTION
Training for inspection is a neglected area in industry. Many 
inspector-training schemes described in the quality control literature 
(eg Browne, 1965) have as their aim the imparting of the background 
information judged necessary to perform inspection. However, there is 
virtually no emphasis at all on training for the perceptual skills 
necessary to detect defects and recognize acceptable products. When 
training schemes to accomplish this latter aim are described, the 
emphasis is often on the large savings that the scheme is alleged to 
have produced rather than the details of the technique and the method 
employed for evaluating it. For instance., Stevens (1970) used task 
practice with feedback to train apple inspectors, while Harris and 
Chaney (1969) show improvements from both on-the-job-training for the 
inspection of complex machined parts and job-sample: training for the 
inspection of photographic masks, all without detailing the whole 
training procedure.
Learning effects in laboratory simulations of inspection tasks have 
been noted without specific training being given, eg Smith and Adams (1971) 
and Lion et al (1968). In an industrial setting Chaney and Teel (1967) 
have employed a variety of techniques in training machined parts 
inspectprs 'and photomask inspectors. Their most commonly employed tech­
nique, known as job sample instruction, essentially involves giving 
knowledge of results (KR) after inspecting test items containing 
typical defects. The study comprised both a training programme and 
improved visual aids over a six-month period. Compared to a control 
group of inspectors, both training and visual aids paid off, and the 
combination of the two was.most effective. Tiffin and Rogers (1941)
also report considerable success with both the training of new inspection 
personnel and. upgrading of old ones. In this study, the primary training 
mechanism was also providing immediate feedback (KR) to the inspectors.
Knowledge of results (KR) has been employed in training for 
perceptual skills in a- number of applied studies. Martinek et al (1965) 
reports a study in training photo-interpreters. Photo-interpretation or 
image interpretation as it is alternatively known, consists of indentifying 
military targets, which may be comouflaged, on aerial reconnaissance 
photographs. This task bears a close resemblance to an industrial 
inspection task. Martinek found that providing the photointerpreters 
with an error key which analysed the commonly occurring errors of 
previous interpretations, produced significantly fewer errors of 
commission than a key in which the characteristic features of the 
various target types were set out. The error key can be regarded as 
a form of group KR, although it is incomplete. However, there was no 
significant difference in the number of targets detected. Another image 
interpretation study, Cockrell and Sadacca. (1971), showed that knowledge 
of results was more effective in a team context when team members first 
scanned a photograph independently and discussed the resutls together 
immediately afterwards. The greatest gains, in proficiency were made, 
by the least able members of the team and although detection performance 
was improved, significantly, there were greater gains in reducing the 
number of misidentifications and false alarms.
Another image identification study, Powers et al (1973) attempted 
to improve performance by modifying the interpreter’s scanning strategies 
rather than by KR techniques. Structured search practice increased the 
number of target detections at the expense of a greater number of false
alarms. A. ’speed reading' training technique, designed to reduce
fixation times and expand the visual field, succeeded in halving the
search times without changing the accuracy of the interpreter.
Training using the ’error key’ approach discussed earlier significantly
reduced false alarms. Brock et al (1974) provided a complete training
programme for non-destructive testing radiograph examiners. The
programme consisted of tape/slide presentations which gave examples of
various types of defect, and then a KR phase where radiographs containing
defects were presented and the subject was given full KR after he had
attempted to identify them. A self-administered test then determined
if the student should go on to the next module or re-take previous
modules. There was a gradual increase in difficulty of the
radiographs both within and between modules. The programme was highly
successful in that it reduced the time to train to the required criterion
from an average of 80 hours to 10.9 hours. Wallis (1963) describes the
use of KR in the training of a complex perceptual task associated with
a. weapons system. Although no details were given of the classified system,
substantial reductions in training time were found. A recent study by
Czaja and Drury (1981b) gives details of two training programmes devised
for'a complex visual inspection task. They differed only in that one
(active) required the trainee to make an active response at each stage,
while the other (passive) did not. Task performance for 42 subjects showed
significantly better performance (fewer errors) with the active training
programme. This latter also significantly reduced the rate of decision
errors, which suggests that subjects who were actively trained
demonstrated better recall of fault standards than those who were passively
trained. Also, the task was gradually introduced to the subjects so that 
they were able to build on previous information, reducing the complexity
of the learning situation. In addition to this, subjects were provided 
with immediate feedback about the accuracy of their decisions. The study 
of Czaja and Drury seems to come in time with the renewed interest in 
industrial inspection, however, there is the problem of implementation 
in active training, which demands frequent responses by each trainee.
These responses must be monitored and feedback given on correctness of 
response, implying that instruction must be one-on-one. Such instruction 
presents no additional problems when there is only a single trainee, only 
a single piece of equipment, or only a single set of training materials 
but can be difficult where large cohorts of trainees must be given 
instruction in parallel.
In view of the importance of training as a relatively low-cost means 
of increasing inspection accuracy, it is surprising that very few studies 
appear to have been performed to specifically investigate training 
techniques for inspection. It is felt that training is one of the areas 
which requires experimental investigation using tasks which are to some 
extent representative of industrial inspection situations. In the next 
Chapter some of the theoretical considerations which will provide guidelines 
for research in this area will be considered in depth.
2.1.7 CONCLUSIONS REGARDING THE GENERAL LITERATURE OF INSPECTION
It seems clear that inspection performance in a given situation will 
be the result of a complex interaction between some of the factors con­
sidered in the review up to this point. Although there is a paucity of 
research in a number of areas, one in particular will be considered in 
further detail in the theoretical review which will constitute the next 
Chapter. We will consider in detail some of the work that has been 
performed in the area of training for perceptual skills.
CHAPTER THREE 
THEORETICAL LITERATURE SURVEY: 
TRAINING FOR INSPECTION
3.0 TRAINING APPROACHES TO INSPECTION SKILLS
Virtually all of the applied studies reviewed in*Section 2.1.6 
have employed some form of knowledge of results as the basic training 
paradigm. This is partly because of the success of the knowledge of 
results approach in motor learning and the corresponding assumption that 
it is the most efficacious approach for perceptual skill training. There 
is still however some debate whether there may be other equally efficient 
methods of training for these skills. However, cueing technique has 
made a strong bid for attention. Embrey (1979) points to the efficacy 
of both cueing and knowledge of results in training, for inspection. As 
training is assuming an ever increasing importance in industry, more 
pressure is being placed on the improvement of the quality control of 
products. Yet studies of inspection training are few. Czaja and Crury 
(1981a), Wiener (1975) and Embrey (1975) noted this lack, although the 
latter two emphasized the principles on which inspection training 
should be based.
Most of the work that has been done has not used tasks which resemble 
the typical inspection situation. However, it is useful to consider in 
detail the approaches of two particular workers who have made substantial 
contributions to this field. These are Wiener, who has advocated the 
use of KR in these tasks, and Annett who has investigated cueing techniques 
in some depth.
3.1 KNOWLEDGE OF RESULTS IN PERCEPTUAL TRAINING
It is first necessary to define what is meant by knowledge of 
results. The expression "Knowledge of results" (KR) is often used 
interchangeably with feedback, and it has been defined as 'knowledge 
which an individual or group receives relating to the outcome of a response 
or group of responses', Annett (1961). Knowledge of results, generally, 
exists in a variety of forms when presented to the trainee, and here 
it is useful to mention some of these forms.
Verbal or non-verbal KR: Verbal knowledge of results is likely to
help the learner although the design of experiments using verbal feed­
back has often been unsuited to direct comparisons with non-verbal 
equivalents. Verbal KR conveys a variety of types pf information and 
persuasion. Points of technique which are obscure to the learner may 
be made clear by non-verbal methods.
Immediate or delayed KR: Lags in response feedback are disruptive,
but learning is relatively unaffected by the delay of terminal knowledge 
of results. The time interval between feedback information and the next 
response is of some importance,, but the major factor is the total 
interval between responses. Interpolating other responses between 
knowledge of results and the present response from which it stems seems 
inadvisable, although at least in simple tasks the effects may again 
be temporary.
Separate or accumulated KR: Separate knowledge of results gives the
learner the information he needs for step-by-step correction of his 
responses Knowledge of progress is gained by relating accumulating 
knowledge of results to long-term goals.
Concurrent or terminal KR: The terminal knowledge of results
coming after a response is more likely to assist in learning than is 
concurrent feedback, whose function is rather to regulate the response 
during which it occurs. Giving concurrent feedback only intermittently 
is of possible assistance.
In the context of inspection training, knowledge of results can be 
used in several ways. The usual method is to present the trainee with 
a batch of items, some of which contain characteristic defects. The 
trainee attempts to identify each item as defective or otherwise, and is 
given.immediate feedback as. to the correctness of his decision after each 
response. In some, cases, he is told whether he made a correct detection 
or false alarm, or sometimes only information regarding missed items is 
given.
Knowledge of results has been shown to be an essential requirement 
for almost all types of learning, Annett (1969). It is usually regarded 
as promoting learning in three ways:
a) The reinforcement of observing responses. The observing response 
is an information-seeking response on the part of the observer.
This encourages him to actively examine the items being inspected.
b) Its motivational effect. By providing the learner with information 
regarding his progress, KR encourages him to remain in the 
learning situation.
c) Its informational content. Many learning theorists regard this
as the most important attribute of knowledge of results. KR provides 
information feedback to the trainee regarding the critical differences 
between defects and perfect items.
Wiener and his associates have produced a number of studies 
investigating the use of knowledge of results and other techniques 
mainly on visual vigilance type tasks. Wiener’s early experiments (1963) 
agreed with Annett’s findings that the provision of KR contingent on the 
subject’s response increased detections at the expense of a higher false 
alarm rate. Improvements due to full KR persisted after the knowledge 
of results was removed. A later study (Wiener, 1968a) showed that detection 
continued to improve after five sessions of KR training, but that the 
training effect did not persist in a follow-up five weeks after the 
training. There was a. significant increase in false alarms for the KR 
group over the first two sessions but not for the rest of the training, 
suggesting that a genuine increase in sensitivity was occurring.. In these 
experiments complete KR was being given and hence there was no necessity 
for the subject to produce a high rate of responding to gain information.
An earlier paper (Wiener, 1967) has shown that a group trained with 
KR on a visual meter monitoring task showed a significant improvement, 
compared with a control group, when transferred to a different type of visual 
monitoring task. There was no change in false alarms. This result tends 
to disconfirm the Annett hypothesis that perceptual learning consists of 
building up a ’template’ of signal characteristics.s'irrce this would suggest 
that training would not readily transfer to tasks with different signal 
types. The results can, however, be accounted for quite readily by Annett’s 
other proposal, that learning the signal distribution is almost as important 
as learning its characteristics. In Wiener's experiment the signal 
distribution (in terms of intersignal interval) was virtually the same 
for both tasks.
Two other explanations were put forward by Wiener. One is that KR 
increases the subject's motivation to perform at a high level, and that 
this carries over to the transfer session, and the other that KR enables 
the subject to gain a general skill at maintaining vigilance in some 
unspecified way. In view of the fact that a vigilance decrement occurred 
in the transfer session, the latter two explanations seem less likely 
than Annett’s proposal. In a direct test comparing cueing, KR, knowledge 
of results plus cueing and a control, significant training effects were 
obtained with the KR and KR plus cueing groups but not with the cueing- 
only group (Wiener and Attwood, 1968). There was no significant change 
in false alarms on transfer with the groups receiving KR, but the 
cueing group made significantly fewer. A similar lack of efficacy of 
cueing and superiority of KR was reported for an auditory task in 
Annett and Paterson (1966). It was suggested in this case that the 
protracted nature of the training may have lead the subjects to become 
bored with the passive cueing training.
Several other investigations reported that provision of knowledge 
of results (ie information regarding correct detections, false reports 
and missed defects) tended to increase overall performance efficiency and 
to prevent the decrement function characteristics of the task (Adams and 
Humes, 1963; Mackworth, 1964; Warm et al, 1974; Wiener, 1963, 1968, 1974; 
Williges and North, 1972; Drury and Scheehan, 1973; Chapman and 
Sinclair, 1975; Embrey, 1979). There are, to be sure, rare examples where 
knowledge of results did not influence detection behaviour (Montague and 
Webber, 1975; Murrell, 1975). However, it should be emphasized that 
knowledge of results may play an important part in industrial inspection 
despite the paucity of studies carried out in the field of training for 
inspection.
3.. 2 CUEING IN PERCEPTUAL SKILLS TRAINING
If we look at knowledge of results as providing feedback information 
which is.essentially for learning, the question must arise - is there 
any other way of giving the necessary information without presenting it 
only as a consequence of action? If, for instance, the task is to learn 
to make a simple response to one of two alternative stimuli, the trainer 
might either let the trainee try and then give him the knowledge of 
results (about his responses) or he might indicate before the trial which 
response is correct.
Techniques for providing advance information have been called 
variously guidance, action feedback, prompting and cueing and, according 
to the nature of the task to be learned and the species of the learner, 
these have taken a variety of forms. These can be classified into 
three main sets of methods.
a) Verbal guidance, which consists of telling the subject what to do 
or directly prompting the correct response (eg in paired-associate 
learning)
b) Visual guidance which involves supplementary information, not 
contingent upon previous responses, which enables the learner 
to perform the required act more readily. This is often called 
cueing or action feedback.
c) Forced response, sometimes called mechanical guidance which, in 
the case of motor skills involves literally putting the learner 
through the correct motions.
In inspection terms, the most employed technique was the second 
category, cueing method. It involved the presentation of a series
of examples of defects and non-defects (perfect items). Prior to each 
presentation, the trainee was told whether the next item was going 
to be a defect or otherwise, and no overt response was required. The 
warning was said to alert the learner, thus enabling him to attend more 
carefully to the defect characteristics.
Annett, influenced by Gibson’s (1953) suggestion that perceptual 
learning is a distinct type of learning requiring its own formulation, 
and not necessary analogous to motor learning, has made a study in depth 
of the technique or cueing (Annett, 1964, 1966, 1967). He suggests that 
an overt response is only necessary as a means of acquiring information 
otherwise impossible to obtain, eg the ’feel’ of a control. In identifi­
cation tasks the stimulus and its name can be presented together and the 
trainee does not necessarily have to make a response to the first in 
order to receive the second. Annett asserts that learning in perceptual 
tasks can take place via a simple association principle rather than a rein 
forcement paradigm. In his view the repeated pairing of the stimulus 
pattern to be learnt and its name, leads to the building up of a template 
against which a stimulus to be identified is compared. This theoretical 
position was part of Annett’s general orientation that the facilitation of 
learning by the provision of KR was not through its reinforcement or 
motivating properties, but through the information conveyed to the 
learner (Annett, 1969).
Annett has presented an impressive array of evidence to support 
his position, although, as we shall see, his later work in this field was 
more equivocal as to the superiority of cueing as compared with knowledge 
of results in promoting perceptual learning.
Annett (1966) quotes an experiment in which subjects had to estimate 
the number of dots present in a tachistoscopically exposed field. Both 
cueing and KR training were superior to a simple practice control group.
In a Landolt ring experiment in the same study, subjects were cued by 
placing the targets and non-targets on different coloured backgrounds.
The other conditions were a control and 'easy' training condition in 
which larger gaps in the Landolt rings were used. The training effect 
was significantly greater for the cueing method. This suggests that 
simply making the task easier does not promote learning. Cueing makes 
the task easier without changing the critical dimensions of the stimulus. 
The final experiment in this series utilized a simulated sonar task in 
which 1000 HZ tone bursts were superimposed on a 50dB background of 
white noise. Four training methods were compared:
a) Cueing - a warning light was. turned on half a second before each 
signal.
b) KR - as above, but the warning occurred after the signal.
c) Summary KR - a summary of hits, misses and false alarms was 
provided at five minute intervals.
d) Easy material - the background was reduced by 5dB so that most 
signals were readily detectable.
The cueing group was significantly superior to the others in enhancing 
performance. Annett concluded that these results were, consistent with 
the view that perceptual learning takes place when a stimulus is 
unambiguously paired with its name or designation. He proposes that 
perceptual learning can. be regarded as a simple example of paired 
associate, learning. The failure of KR methods in soi?>e cases of training 
for auditory detection (Campbell, 1964; Swets et al, 1964) is cited as 
further support for this case.
To further elucidate the relationship between cueing and KR methods 
of training, Annett and Clarkson (1964) conduc.ted experiments using the 
same experimental set up as in the last study described. Five training 
groups were employed.
a) 100% cueing - a yellow light flashed half a second before each 
signal.
b) Retrospective cueing (non-contingent KR) - a blue light flashed 
two seconds after each signal.
c) KR (Contingent) - correct responses were followed immediately by 
a green light, incorrect responses by a red light.
d) Partial feedback cueing - the first signal was. cued. Subsequently
if a signal was missed, the next signal was cued, if detected the
next was uncued. False positives had no effect.
e) Partial feedback cueing and contingent KR - conditions for groups
(c) and (d) combined.
According to the hypothesis that the most effective training 
procedure would provide the subject with as many authentic examples of 
the signal as possible and its distribution over the training period, it 
was expected that, conditions (a) to (c) would produce the same rank order 
of effectiveness Condition (d) was added in case cueing was effective, 
but that the learner became dependent on it. It was intended as a form 
of conditional cue removal. Condition (e) was added when no training 
effect was found with condition (d). It was felt that this was because- 
(d) gave no information on the signal distribution in time and hence 
partial. KR was provided to enable the subject to obtain some knowledge 
of this through his responses.
Groups (a), (b) and (c) showed learning effects in the predicted 
order. Group (a) has maximum exposure to the signal plus full 
information about its frequency and distribution in time. Group (b) 
has fewer signal samples available but full information on signal 
frequency and distribution. In group (c) there are about the same 
number of signal samples available as in (b), but less distribution 
information. Group (a) with a proportion of authentic signals 
plus the opportunity to gain incomplete distributional information 
through contingent KR is better than (b) or (c) but inferior to (a) 
which is again consistent with the hypothesis being proposed. The 
failure of group (d) to produce any training effect at all could be 
accounted for by the low proportion of signals cued and hence the 
reduced.opportunity to accumulate the necessary experience. The cue 
withdrawal was initiated before any learning could be established.
A notable feature of the results was that the improvements in detections 
found with KR were accompanied.by an increase in false alarms, which 
was not the case with the cueing training. In terms of the degree of 
vigilance decrement found, the cueing group showed a greater resistance 
to the decrement than the KR group. This was interpreted, in terms of 
the expectancy theory of vigilance (Baker, 1963) such that the subjects 
with the most accurate knowledge of the signal distribution would show 
the smallest decrement.
Later experiments (Annett and Paterson, 1966) using a similar 
experimental task provided further insights into the differeing roles of 
cueing and KR in perceptual training. It was found that giving subjects 
information on the distribution of signals by flashing a warning light 
when a signal would have appeared, without actually presenting the signal, 
produced performance increases comparable to those obtained through
cueing. This suggests that what is learned during.cueing is not the nature 
of the signal itself, but some appreciation of its distribution. It 
should be noted however, that in this task the signal, a 1800HZ tone, had 
very few characteristics that one could learn. The results also suggested 
that the apparently lax criterion found in free response situations was 
at least partly due to an attempt by the subject to gain more information 
on the signal characteristics. With a fixed interval condition and 
complete knowledge of results, there is. much less difference in the style 
of performance between KR and cueing, although KR still induces a slightly 
lower criterion.
In the third phase of Annett’s study (Annett and Paterson, 1967) 
subjects were trained in three attributes of sonar operation, ie pitch 
discrimination, intensity discrimination and duration discrimination. 
Cueing, knowledge of results and a combination cueing/KR conditions were 
employed. All three methods were effective in training pitch and 
intensity discrimination but none for duration discrimination. There were 
no significant differences between the various training conditions. It 
was hypothesized that this was because a technique.specifically designed 
to eliminate the effects of change in response bias was employed (two 
alternative forced choice) and that the only difference between the 
various techniques is in terms of the change in response strategy produced. 
Annett's work (1971) treats cueing and knowledge of results as being 
essentially equivalent. This is in line with his general orientation that 
perceptual learning takes place by the pairing together in time of the 
stimulus and its name. If the experimental conditions are such that the 
subject does not have to make extra responses in order to obtain samples 
of the stimulus during training, then it does not. make very much difference 
if the information is presented before or after the stimulus.
Annett's work has been discussed in some detail because of the 
comprehensiveness of his experimentation in this area. The issues 
arising from this work and possible further research that it might 
generate are discussed subsequently.
3.3 SOME CONCLUSIONS ON THE USE OF KR VERSUS CUEING
We have seen from the analysis of Wiener's and Annett’s work that 
their basic orientation to the question of training for perceptual skills 
is different, in spite of the fact that the recent work of Annett was 
prepared to allow that cueing and KR may be largely equivalent.
Annett’s basic assumption is that perceptual learning is based on 
a simple association principle, and that learning will take place via a 
simple contiguity in time of a stimulus and its name. It follows, 
therefore, that both KR and cueing are important from the standpoint 
of the information they provide as to the characteristics of the stimulus 
and its distribution in time. Wiener’s position is that the Law of Effect 
is the. appropriate training paradigm and that it is primarily via the 
motivational effect of knowledge of results that the subject learns to 
maintain a higher level of arousal in the transfer session. Any knowledge 
of the signal characteristics that the subject learns through cueing or 
KR is by way of a bonus. Wiener also suggests that there is a danger 
that subjects may become ’cue-dependent’ and be unable to transfer any 
training gained to subsequent sessions.
The differing standpoints and perhaps the results of the workers 
in this field can be seen to be at least partly due to the differing 
types of task that they are interested in. Annett has not been concerned
with vigilance phenomena as such, and although the signals he has 
employed have generally been fairly simple, the long term aim seems 
to have been towards the accurate identification of complex, near- 
threshold stimuli, rather than reducing the vigilance decrement.
The tasks employed, by Wiener have, on the other hand, been largely 
visual, above threshold and extremely simple. The meter monitoring 
task was in fact chosen because it was known to produce a vigilance 
decrement. It is not surprising therefore that Wiener has been more 
interested in the motivational effects of knowledge of results.
Although he has not stated as such, Wiener's orientation can be 
regarded as being concerned, with enhancing signal detection through 
arousal mechanisms mediated via motivational variables. In this 
way, performance can be regarded as being improved both through an 
improved signal detection ability and a greater resistance, to vigilance 
decrement. Annett would probably see the main goal of training as 
improved signal detection ability, and any resistance to vigilance 
decrement as a bonus to be gained through a more accurate apprehension 
of the. signal distribution. Lau (1966) and Wiener and Attwood (1968) 
suggest that cueing may be more effective as the perceptual complexity 
of the task increases, whilst Annett and.Paterson (1966) propose that 
KR may be judiciously mixed with cueing to provide a more interesting 
and therefore effective training regime for subjects. In spite of the 
Wiener and Attwood experiment which showed no particular advantage for 
mixed KR and cueing training, several studies, eg Weiz and McElroy (1964) 
Swets et al (1962),* Swets et al (1964) and Embrey (1975) have shown this 
form of training to be advantageous. It is clear that in spite of the 
considerable amount of research that has been expended on the question 
of KR versus Cueing in perceptual training, the issue is still very much 
open.
3.4 OTHER FACTORS IN PERCEPTUAL TRAINING
Although the approaches discussed up to now represent the most 
consistent and prolonged studies of training for perceptual skills, 
a number of other models of perceptual learning exist and a variety 
of other variables can be seen as important in this area.
Wallis (1963) presented an interesting model of the perceptual 
learning process. Learning to identify complex patterns is seen as a 
blend of analytic and synthetic processes. Initially the trainee 
analyses the pattern to be detected into cues and features such as 
lines and angles in a visual stimulus. Eventually, a process of 
synthesis takes place and perception occurs as a holistic process, a 
Gestalt that is detected in its entirety. In this description of a 
training technique, Wallis stresses the demonstration of the relevant 
cues embedded in the complex, whole by techniques such as drawing 
attention, to one cue at a time and using training materials in which 
they are readily visible. As training proceeds, this analytic 
approach is gradually modified until an overal synthesis takes place. 
The main method of guidance utilized, in this process is knowledge 
of results, and. emphasis is placedon the importance of using realistic 
materials in training, It is pointed out that augmented feedback, ie 
KR and cues, must be withdrawn at an appropriate time so that trainees 
do not come to depend on it for successful performance. The problem of 
trainees becoming dependent on cues and being unable to successfully 
transfer from training has been pointed out earlier. A similar 
difficulty could occur in KR situations under certain circumstances. 
Abrams and Cook (1971) propose that identification skills involve the 
development of internal references. If knowledge of results is
provided continuously, the learner will utilize it to sustain 
performance at the expense oflearning. Their experiments indicate that 
fading KR throughout the training session enhances the retention of 
indentification skills. It is suggested that the removal of KR by 
fading creates the need for learning. Another finding which confirms 
the ideas of Wallis is that learning is enhanced by gradual increase 
in the stimulus complexity during the training programme. Caution 
may be necessary in applying these results to inspection training 
however, since the simuli were auditory signals.
Another issue arising from Wallis' analysis of perceptual learning 
is the relative efficiency of analytic compared with synthetic training 
techniques, otherwise known as part and whole methods. Annett (1971) 
reviewed a number of studies considering this, variable. He conducted 
experiments comparing a large number of different analytic and synthetic 
methods. The overall result was that simple whole methods are as 
effective as any of the more complex part methods which attempt to draw 
attention to identifying features of complex stimuli.
A number of workers have found that pretraining instructions and 
demonstrations can also benefit task performance by providing useful 
information that precedes the main training course. Inability to learn 
a new skill may simply be due to failure to understand what has to be 
learned. It is, therefore, often useful to teach certain points about 
a task before training begins - by using diagrams, visual guides or 
some verbal formulation of the task. Such pretraining could be added 
to the main training programme which enables subjects to recognise a 
defect and distinguish it from good products. The use of visual aids 
in Chaney and Teel study (1967) resulted in 71% increase in detection 
performance when combined with the training programme employed in the 
experiment.
The effectiveness of pretraining depends upon how appropriate and 
comprehensive is the selected method of codifying the data and corres­
ponding response. For instance, describing level positions in terms 
of a clock face may be more effective than describing them in angular 
degrees. Presentation of material must not proceed too fast, or the 
trainee will be unable to deal with all the incoming information and will, 
thus be left with gaps in his knowledge. In most learning situations, 
it is difficult for a learner to go back and refer to a point which has 
assumed a new significance for him in the light of later information.
Visual aids are sometimes more effective tharv direct learning methods, 
because the. trainee is free to dictate his own pace and refer to 
previous information at will.
The application of pretraining as a preparatory phase is given in 
a study by McFadden et al (1976). It has shown instructional materials 
employed in the pretraining as facilitative effects upon the acquisition 
of subsequently - taught perceptual skills in the training programme.
In a recent study by Czaja and Drury (1981b), it has been found that 
pretraining (less than one hour) when used with a training programme 
produced improved performance on a complex, simulated industrial 
inspection task.
Work is currently in progress to examine the components of pretraining 
in more, depth and to discover what should be included in pretraining, how 
much is needed, and for how long the pretraining effects endure. In the 
context of this thesis, it would be of interest to apply some of the 
findings discussed here as well as in the preceeding Sections to the 
stimuli encountered in the simulated inspection task of this study (which 
will be described in the next Chapter).
CHAPTER FOUR
EXPERIMENT I
4.0 INTRODUCTION
Experimental work arising from some of the issues discussed in the 
review of perceptual training techniques will be presented in this and 
the following chapters. In the first stage of this work, an 
experiment was performed in which three types of training for 
perceptual skills were investigated.
However, it is useful at this point to briefly recapitulate the 
conclusions of the earlier review in the area of perceptual training.
The two basic methods of training that had been used to train for 
perceptual skills were knowledge of results and cueing. Enhancement 
of signal (defect] detection ability by cueing was seen as a result 
of the simple paired contiguity in time of a signal (defect] and its name 
Annett (1969]'.' This form.df training promotes perceptual learning because it 
provides the subject with the information concerning both the characteristics 
of the signal (defect] and its distribution in time. It was suggested 
that the other form of perceptual training, knowledge of results CKR], 
trains recognition skills essentially via the reinforcement of a single 
S-.R link. Another aspect of KR (as Weiner (1968] emphasises it] is its motivational 
effect in maintaining arousal during prolonged sessions. However, many 
workers agree that improvements in performance using both techniques can 
be ascribed partly to learning the characteristics of the signal (defect]
partly to motivational effects, and partly to an increased knowledge 
of the statistical distribution of the signal (defect), taking into 
consideration the kind, of task the subject has to perform.
As implied earlier, while considerable research on training 
people to detect signals has been reported.in monitoring (vigilance) 
tasks, there are few studies in the field of industrial inspection. The 
experiment reported here tests the hypothesis that knowledge of results 
(KR) is a training method that can be effective for producing an improved 
stable level, of performance in a simulated visual inspection task. To be 
worthwhile, as a training method, it must be shown that KR administered in 
training sessions results in positive transfer to the usual inspection 
task where feedback is absent.. For the practical domain of system use, 
it would mean that KR administered in a structured training situation would 
produce, improved operator performance for the inspection tasks of actual 
system operation where no KR occurs.
Besides knowledge of results, the experiment was also designed to 
investigate, the relative merits of cueing in the simulated inspection task, 
and particularly to examine whether any advantage could be obtained by 
combining the two techniques.. To do this, four conditions were used.
These were feedback, cueing, feedback plus cueing and a control 
condition.
4.1 SUBJECTS
Forty students attending the University of Surrey (20 male and 20 
female) participated. The subjects were randomly assigned to.4 experimental 
groups with equal numbers of male and female. Participation was on a
voluntary basis. Subjects had not previously served in inspection
experiments. All subjects were tested for adequate eyesight. Mean age 
for all subjects was 21.7 years.
4.2 DESIGN AND STIMULUS MATERIAL
The actual apparatus was a simulated conveyor belt consisting of 
two drums driven by two AC synchronous motors (see Figure 2 ). The 
speed of the motor was governed by the AC supply voltage frequency 
(50 HZ). In order to speed up the motors, the supply frequency 
has to be increased. In this experiment, 75 HZ was used. In order to 
provide a variable frequency AC supply of 240 volts, an audio, oscillator 
provided the necessary frequency range of 50 HZ - 100 HZ. The output 
from the oscillator was fed into an AC Amplifier.which was connected 
to a set-up transformer to provide 240 volts AC for the motors.
Razor blade symbols were traced onto a long length of paper 
which was driven by the drums. The subject could see the 659 items 
through a 19cm X lojr cm . rectangular shaped aperture in the 
apparatus. An opaque shield was used to prevent the subject from 
seeing an oncoming item until the target was within the viewing 
window.
In addition a mains transformer with a step-down winding was used 
to provide six volts AC for the signalling lamps (displaying feedback 
and cueing lights) which were red, blue, green and white. Each of these 
lamps was actuated by hand-held push switches. The apparatus was mounted 
on a table, 71 cirt high, placed at one end of a 6.51 metres x 2.17 metres
room. An adjustable seat was used for subjects. The experimenter stood 
behind the subject and manipulated the push-switches according to the 
responses of the subject.
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The apparatus produced a noise level in its immediate vicinity 
of Leq 56dBA which was measured by a sound level meter. There was 
no reflection of light in the experimental room because the walls 
were painted black. The experimenter used a photometer to measure 
the illuminance in the room, this was 300 Lux.
4.3 TASK AND PROCEDURE
The subject’s task was to inspect a series of items (simulated 
razor blades) rolling laterally past him. 659 items were to be 
inspected of which 35 were defective. The subject had to detect those 
defects where the slit in the blade deviated 3° and 4° from the right 
side (see Figure 3). More than one item was within the viewing 
window at a time, and the position of the defective items was randomly 
determined with the two constraints; that approximately 6 defects 
occurred in each successive set of 110 items, and that no two defects 
occurred near'each other. Available viewing time ranged from 5 - 7  
seconds. A binary decision procedure was employed. Subjects had to 
decide whether the presented blade was defective or not.
Four groups of 10 subjects were used in this experiment. There 
were 4 sessions of twenty minutes. Each subject performed one 
session per day. Attempts were made as far as possible to ensure 
that the subjects performed the task at the same time each day, but 
the exigencies of lecture timetables meant that this was not 
always possible.
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The four groups and their experimental treatments were as
follows:
Cueing group (Q]: Subjects in this group received a white light
which illuminated 2 seconds before the defective item appeared. Subjects 
were not informed of the position in which the defect would appear.
Knowledge of results group CKR): Subjects were informed immediately
after they had responded about correct responses (green light], missed 
defectsCred light] and false alarms (blue light].
0. + KR group: In this group, subjects received a white light
in the form of cueing just before the defective item appeared. After 
making a response they got feedback according to the kind of response 
performed as for the KR group.
Control, group: No information was. given to subjects in this
group who performed without.cueing or feedback for the entire session.
Before the training started, subjects received initial instruction 
on the task and were told to point to the defect with a finger. Additional 
instruction on knowledge of results, cueing and mixed mode (Q + KR] were 
given as appropriate to the group. The control group received none of the 
former techniques, the subjects were not. even aware, of their existence 
in other groups. Following the instruction period, a standard 4 x 20 
minutes training session was run throughout one week. All subjects were 
reminded.to return for the transfer session four weeks later.
In the transfer session, the experimental subjects were told that 
they would not receive any lights before or after their responses. The 
display boxes of lights were covered with special lids. The transfer
session consisted of one 20 minute inspection and the occurence of 
defects was the same as in the previous sessions of training phase, 
but run in reverse. Finally, subjects were thanked for their 
participation and were shown the entire apparatus.
4.4 RESULTS
Measure of performance: The principal measure of the subject’s
performance was taken as efficiency, defined in terms of the percentage 
of defective items detected in each session of the four sessions. A 
second measure was the number of false alarms made, ie good items 
considered as defective, this was stated in terms of the ratio of 
false alarms to the total number of items to be inspected. Figures 
4 and 5 depict the above information.
4.4.1 DETECTIONS
The detection data are first displayed in terms of group means 
as well as of percentage of defects detected (Tables 2 and 3].
GROUPS
Training Sessions Cueing (Q) KR Q + KR Control
SI 33.0 29.5 31.1 •21.0
S2 34.0 30.5 32.9 18.9
S3 31.0 27.6 32.4 22.5
S4 29.0 29.8 33.7 20.3
Transfer Session 23.49 28.3 25.5 20.5
Table 2 : Group means for detection of the four experimental
conditions in training sessions and transfer session
GROUPS
Training Sessions Cueing (0) KR Q + KR Control
SI 94.28 84.28 88.86 60
S2 97.14 87.14 94.00 54
S3 88.51 78.86 92.57 62.86
S4 82.86 85.14 96.29 58
Transfer Session 67.14 80.85 72.85 58.57
Table 3 : Percent detection of the four experimental conditions
in training sessions and transfer session.
To summarize the data, Table 3 shows that despite the higher 
detection rate produced by cueing groups during training sessions 
compared with the Knowledge of results group, only the KR group's 
performance remains stable in the transfer session while that of the 
other groups declined.
A series of analyses of variance were performed on the raw data 
for detection. All analysis of variances , are found in Appendix A, 
together with the raw data for detection and false alarms (Tables 4
and 5). Only the summary data for the analyses of variance’ performed
will be considered in this section.
The first ANOVA is on the four experimental conditions in training 
sessions. There were significant differences in detections between 
the four experimental conditions.
(F = 118.24, df = 3,36, p < .05]
Detections were.also influenced by the sessions of training,
CF = 2.93, df = 3,108, p < .05).
Finally the interaction between conditions and training sessions 
was significant,
(F = 17.23, df = 9,108, p < .01).
A second ANOVA of the four experimental conditions in relation 
to the transfer session showed a significant difference.
(F = 16.97, df = 3,36, p < .01) .
Because there was only one transfer session, a further ANOVA was
performed on the results of the first session of training with the 
transfer session.
Detections varied significantly between the experimental groups 
in training session.
(F = 39.02, df = 3,36, p < .01)
There was also significant differences between the experimental
groups in transfer session.
(F = 45.22, df = 1,36, p < .01)
Finally, the interaction of training versus transfer was also 
significantly different between the groups.
(F = 36.31, df = 3,36, p < .01).
Another ANOVA was performed between the last session of training 
and the transfer session.
Detections varied significantly between the experimental groups 
in the. training session.
(F = 27.38, df = 3,36, p < .01)
Again, detections varied significantly with the groups in the 
transfer session.
(F = 34.85, df = 1,36, p < .01).
Finally, the interaction of training versus transfer was significant.
(F = 55.29, df = 3,36, p < .01).
The results of the first analysis of variance (ANOVA) show clearly 
that both main effects affected detection rate. Of course, one should 
place little importance on the significance of the cueing groups during
the training session, as there is no reason why the cueing groups should 
have anything less than nearly perfect performance. However, as Figure 4 
shows, all experimental groups performed better than the control group 
with slight differences between them. Under the combined condition (Q + KR) 
subjects started with a slight increase in detection performance and from 
the second session continue to perform at a high level. By contrast, 
the cueing group detected more defects in the first two sessions and then 
its performance began to decline. The fact that KR group performed better 
than the control group only substantiates the familiar finding already 
established in the literature (eg Wiener, 1963, 1968). The KR group 
also showed a slight decline in the third session of the training session. 
The significant interaction of treatment conditions by sessions of 
training indicates that detections varied throughout the sessions of 
training according to different groups.
The results of the second ANOVA reveal a significant difference 
between groups in the transfer session. As illustrated on Figure 4, 
the performance of the cueing group did not return to its original level, 
but declined progressively during sessions of the training phase. In 
the transfer test, the performance was not far from that of the control 
group. The combined group also declined and-was not much better than 
the cueing group. However, the KR group did not decline and performed 
at a stable level. The ANOVA on the transfer session clearly indicates 
the transferability of the difference produced by training with Knowledge 
of results, while the difference produced by providing cueing in the 
training session, failed to transfer after a 4 weeK intervening period. 
Figure 4 clearly shows that the cueing technique did not affect the 
performance of the groups during the transfer session.
The third ANOVA was performed on the data of the first session of 
training with the transfer session. The results indicate, as is obvious 
from Figure 4, that the experimental treatments varied significantly in 
the first session of training in their performance. This difference 
in detections was also significant in the transfer session. The combined 
group did perform at a high level in the first training session although 
performance was lower than that in the transfer session. The same is 
true concerning the performance of the cueing group. There was, overall 
a significant interaction between the groups and the first session of 
training and the session of transfer. This indicates that the groups 
(cueing and combined Q + KR) performed at' a high level in the first 
session of training but their performance on the transfer session 
declined and became closer to each other. While the group receiving 
Knowledge of results (KR) did not worsen and thus performed at a stable 
level in the transfer session.
The fourth ANOVA was performed on the data of the last session of 
training and the transfer session. Again, the results revealed that 
both main effects and the interaction were significant. If we looK 
at Figure 4, we notice that the performance of cueing groups was lower 
than that of the KR group. This difference was also shown in the 
transfer session.
However the combined group performed differently between the last 
session of training and the transfer session where performance declined 
considerably. Nevertheless, as shown in Figure 4, none of the high 
performing experimental groups performed significantly worse than 
the control group in the transfer session.
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Figure 4: Percent detections as a function of time
by experimental conditions (Expt I)
4.4.2 FALSE ALARMS
The false alarm data are displayed in terms of group means 
(Table 6) and percentage (Table 7 ).
Training Sessions
GROUPS
Cueing KR Q + KR Control
SI 2.7 3.9 3.! 5.6
S2 1.4 3.0 2.0 4.5
S3 2.2 2.8 1.9 . 4.4
S4 1.6 3.0 2.4 5.1
Transfer Session 1.7 2.7 2.0 4.2
Table 6: Group means of false alarms for the four experimental
conditions in training sessions and transfer session.
GROUPS
Training Sessions Cueing KR Q + KR Control
SI 0.40 0.59 0.47 0.85
S2 0.21 0.45 0.30 0.68
S3 0.33 0.42 0.29 0.67
S4 0.24 0.45 0.36 0.77
Transfer session 0.26 0.40 0.30 0.64
Table 7: Percent false alarms for the four experimental conditions
in training sessions and transfer session.
As it can be seen from Table 7 , the cueing groups made fewer 
false alarms than the KR only group. However, the latter made
fewer false reports than the control group, and despite the constant 
reduction of false alarms over time, it was still different from the 
two groups receiving cueing.
A series of analyses of variance was also performed on the raw 
data of false alarms. The first ANOVA was performed on the four 
experimental conditions in training.
False alarms varied significantly with the four experimental 
conditions in training sessions.
(F = 10.39, df = 3,36, p < .01].
In addition the false alarms were significantly different according 
to the sessions of training.
(F = 7.21. df = 3,108, p < .01].
Interaction between experimental conditions and training sessions 
was not significant.
(F = 0.49, df = 9,108, p > ..05] .
A second ANOVA of the four groups concerning the transfer session 
s-howed a significant difference.
(F = 4.95, df = 3,36, p < .05].
As before in detections, an ANOVA was performed between the first 
session of training and the transfer session.
False alarms varied significantly with the experimental groups 
in training.
(F = 6.80, df = 3,36, p < .01].
False alarms also varied significantly with groups in transfer 
session,
CF = 15.72, df = 1,36, p < .01].
The interaction of training versus transfer was not significant.
(F = 0.64, df = 3,36, p > .05).
The fourth ANOVA was performed between the last session of 
training and the transfer session.
False alarms varied significantly with the experimental groups 
in training,
CF = 5.98, df = 3,36, p < .05).
False alarms also varied significantly with the groups in transfer 
session,
(F = 26.59, df = 1,36, p < .01).
The interaction of training versus transfer was not significant.
(F = 1.16, df - 3,36, p > .05).
As with detections, the first ANOVA was performed on the data of 
the four experimental conditions in training sessions. While both main 
effects were significant, the interaction of experimental conditions 
by sessions of training was non-significant.. As shown in Figure 5, one 
can see that Knowledge of results did not exert an influence on the 
false alarm rate. However, the cueing groups did produce fewer false 
alarms during the four sessions of training. All experimental groups 
started with a high rate of false alarms, and then varied from session 
to each other throughout the training phase in a significant manner.
The performance of KR groups was reduced in respect of false alarms, 
and from the second session the overall performance was more or less 
constant. With regard to the cueing group, the subjects produced 
fewer false alarms but the number of false alarms was greater than that 
of the combined group at the third session of training, performance then 
improved. However, the group who produced most errors throughout the
four sessions of training was the control group. After a sharp decrease 
in the first session, subjects were performing at a constant level 
which then rose again almost to the original level.
A second ANOVA revealed a significant difference between the 
experimental conditions concerning the transfer session. The group 
given KR did not worsen in the transfer session. However, it is 
still different from groups receiving the cueing technique who made 
fewer errors, as seen from Figure 5. The control group also produced 
a relatively high rate of false alarms and was distant from the KR 
group.
Regarding the ANOVA which was performed between the first session 
of training and the transfer session, the results also indicate that 
both main effects were significant at the .01 level, but the interaction 
was non-significant. Figure 5 shows that all conditions started with 
a high but different rate of false alarms, with control group the 
highest in errors. In the transfer session, we notice that both cueing 
and combined group (0 and' KR) were approximately closer to each other, 
but different from KR group. The control group showed a slight decrease 
in the number of false alarms whichever did not affect the overall 
differences between groups.
The final ANGVA was performed on the last session of training and 
transfer session. It revealed significant results concerning both main 
effects, and again the interaction was non-significant. The four 
experimental groups differed in their performance relating to false 
alarms. While the cueing group was the only one that produced the least 
amount of false alarms during the last session of training, it was the
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only one whose false alarms increased slightly in the transfer 
session. It, thus, came closer to the combined group (Q and KR).'This 
laHei^with the two others, KR and control, though different, reduced 
their false alarm rate to an extent.
4.5 DISCUSSION
The major results of this experiment support the use of Knowledge 
of results as a training aid in the inspection task employed. The 
results of the training session support the findings of other experi- 
ments that KR favourably affects fault detection. More interesting 
are the results from the transfer session, which show that even when 
Knowledge, of results is withdrawn, the group initially exposed to 
this feedback continue to perform at a level which is superior to 
that of the control group. In addition performance is nearly 
equivalent to that in the training session. This divergence between 
the two groups, as shown in Figure 4, is encouraging from a training 
point of view. Of course whether this difference would persevere 
through long periods without KR is a question for further research.
The results of this experiment are also further evidence that the 
most effective way to train a subject for an inspection task is to 
train him with immediate knowledge of results, they also lend no 
support to the contentions of those who advocate that cueing is the 
more effective method. Moreover, it was shown that combining the 
two techniques was not at all beneficial when it came to the 
transfer session. Combining cueing with knowledge of results offered 
no improvement over the straight KR training method. There are 
certainly great differences between the auditory discrimination 
tasks used by those who favour cueing over knowledge of results and 
the visual inspection task employed in this experiment.
In a visual inspection task like the one used in this experiment, 
it is believed that the benefits occurring with the knowledge of 
result condition are due to the informational rather than the 
motivational component involved. This is in agreement with some 
workers emphasizing the importance of information due to the nature 
of the inspection task which requires an understanding of the critical 
features of the defect.eg Wiener (1975). However, it was found that 
only the KR method produced effective results by helping subjects to 
learn what constitutes a defective item. This was provided by the 
information concerning the correctness of their decisions upon each item 
as well as letting them know about their false alarms. It was expected 
that the cueing group would benefit from the signal warning which would 
teach them the characteristics of the defect (by pairing the defective 
item with the signal warning). However, the only positive result from 
that group was that subjects produced significantly fewer false 
alarms than the nori-cueing groups. This goes with the general finding 
of other experiments (Annett and Paterson, 1967; Wiener and Attwood, 1968) 
However, one might ask why the cueing group did not have a perfect score 
when providing a warning signal before the defect appeared. One 
possible explanation is that subjects found slight difficulties in 
recognizing the defects due to the fact that more than one item was 
present within the area of the viewing window of the apparatus. The 
subjects missed some defective items and at the same time reported 
false alarms. As the inspection carried on, their performance 
deteriorated. They did not learn much about the defect, characteristics, 
despite the fact that the signal warning was provided only 2 seconds before 
the appearance of the defective item. An alternative explanation could
be that subjects would regard cueing as annoying because they need to know 
how well they are doing from the correctness of their responses.
This is the case when decision making about an item involves five 
or six items in the vicinity of the viewing window. This suggests 
that an overt response is always essential for learning. The 
deterioration of performance in the cueing group started in the 
training sessions and continued in the transfer after a four week 
interval. This could.also be explained by the fact that subjects 
were cue-dependent and that their performance declined when the 
technique of cueing was removed.
The combined group was informed after deciding about the item 
which was presumably cued. This leads to the proposition that 
performance must be better than even the KR group. It is true that 
the combined group performed efficiently throughout the training 
sessions (see Figure 4). It is in accord with, the belief that 
the training condition which gave the maximum amount of information 
about the defect, also produced the greatest amount of detections Annett (1969], 
However, it seems that in this experiment, this fact was not 
confirmed when it came to transfer session. It therefore appears 
clear that the provision of information is effective up to a point 
in enhancing learning. Beyond that, point, further information is 
counter-productive, because it hinders the development of the true 
learning of defect characteristics.
Finally, it can be said that although ‘the informational aspect 
of knowledge of results is the prevailing theoretical perspective in 
the tasks employed in the inspection field and where a need for a
great understanding of the critical features of the defect is 
required,, direct empirical support for this position is not as 
strong as advocates of the approach indicate. This situation 
is probably due, however, to poor experimentation rather than 
any apparent shortcomings of the informational interpretations of 
knowledge of results. In most vigilance tasks, the required 
discriminations are simple, therefore, the.motivational aspect of 
KR seems to be the most appropriate. It encourages the subject 
to remain in the learning situation especially during long periods 
of watch rather than providing information to the trainee regarding 
the kinds of defective items (signals] and other characteristics 
which are found in the usual inspection task.
In this experiment, it has been shown that cueing is not an 
appropriate method and could create problems for its ^.implementation 
for training subjects in an inspection task using a simulated conveyor 
belt. However, additional knowledge from inspection studies is needed 
before conclusions can be reached concerning the relative merits and 
effectiveness of cueing and feedback.with respect to variables such 
as task complexity, type of perceptual skills and stage of learning.
An effective training method with one inspection task could produce 
opposite, results, in a vigilance type task or even in another inspection 
task.
CHAPTER FIVE
EXPERIMENT II
5.0 INTRODUCTION
Knowledge of results (KR] is an important factor in human 
inspection behaviour. The administration of KR in the first experiment 
has been shown to improve overall performance efficiency. Moreover, 
the presentation of Knowledge of results in the training sessions 
tended to enhance inspection performance in a subsequent non-KR 
session. These findings have led to the suggestion that KR has 
cue properties or information value and serves to maintain a high 
level of performance efficiency by developing subject awareness of 
stimulus relevant characteristics. It has already been mentioned that 
emphasizing the informational, aspect of Knowledge or results is not to 
belittle its motivational content, but only that inspection tasks are 
quite different from those tasks of vigilance which have generally been 
fairly simple and do not require a great understanding of the 
characteristics of defects (signals].
In this experiment, an attempt was made to explore further the 
relative amount of information provided through knowledge of results 
which is necessary for subjects when performing a simulated inspection 
task. It is assumed that the necessary information relevant to an 
inspection task is sufficient to maintain a stable level of efficiency 
performance. For instance, error information in terms of missed defect 
or false alarms does not simply inhibit individual wrong responses, but 
has a positive effect in directing the subject’s next response. It has
been suggested that providing the subject with a great amount of 
information leads to gaps in the learning of the characteristics 
of defects (Annett, 1969]. Thus only information relevant to the 
task behaviour is beneficial and can overcome the problems arising 
from the excess or limitation of information given to the trainee.
This experiment was intended to investigate whether there could 
be differences in the rate of learning to detect defective items in 
the simulated inspection task, dependent on type of KR. Two different 
kinds of KR were used. The partial knowledge of results condition 
simulates many real-life systems where immediate (or slightly delayed 
KR] can be obtained when a response is made, but knowledge of a missed 
defect may be impossible to obtain, or at best highly delayed. The full 
knowledge of results was included as an ideal which could be attained 
in a training programme.
5.1 SUBJECTS
Thirty six students from Surrey University participated. None had
served in the.previous experiment. The students were randomly assigned
to the three experimental conditions with the restriction of equating the
sex composition across groups. Before the start of the experiment,
subjects were examined for adequate eyesight. Mean age of subjects was 
23.5 years.
5.2 APPARATUS
The same apparatus as the first experiment was used here, with a 
small modification. An audio signal of 4 KHZ could be switched on 
when required (which lasted as long as the hand switch was operated] .
In this experiment the audio signal lasted about 1 second and occurred
at the same time as the lights of the display boxes illuminated. The 
same speed of the drums on which the long length of paper rolled was 
maintained throughout the experiment.
5.3 TASK AND PROCEDURE
One objective of this experiment was to produce a^more closer approximate 
simulation of the Kind of task used in a real-life inspection situation.
The razor blade was fabricated on a stamp so that it resembled the 
authentic, one in its design. The standard non-defective item and 
the two Kinds of defect are shown in Figure 6-
768 simulated razor blades were stamped onto a long length of 
paper. In view of the fact that vigilance effects could complicate the 
interpretation of the results, the experiment was designed specifically 
to minimize these effects. This was achieved by providing three rest 
pauses of £ minutes each. This meant that subjects did not perform 
the task continuously for longer that 10 minutes at a time. The total 
training session lasted 40 minutes. This structure also provides an 
opportunity to examine changes in performance over time.
The task was thus divided into four 10 minute periods,, in each of 
which the same frequency of defects (9] is preserved, but occurred at 
irregular time intervals. The viewing time available was the same as 
in the first experiment and ranged from 5 to 7 seconds. The three 
experimental conditions were identified as follows:
Full knowledge of results CFKR]: Under this condition, subjects
received knowledge of results of correct detections Cgreen light], false 
alarms (blue light] and missed defects (red light]. This feedback was 
provided immediately after they had responded.

Partial knowledge of results CPKR).: Here, knowledge of results
was furnished only upon the subject’s response, detections (green light) 
and -false ail a r m s  , (blue light).
Control group: No knowledge was given for subjects of this group,
the display of KR lights was covered up in order not to be seen.
All subjects were given a short familiarisation with the task before 
the start of training. This period lasted 2 minutes and consisted mainly 
in showing subjects the standard 'good' item as well as the two kinds of 
defect., on a piece of paper. They were told that the session would last 
approximately 45 minutes. At the end of the training session, subjects 
were asked to return after a week’s interval in order to perform a 
transfer test.
The transfer session was similar to the, training session, 
but ran in reverse order. Subjects of the first two conditions were 
simply instructed that the session would be as before with the 
exception that no knowledge of results would be presented. The display 
boxes of lights were then covered with special lids. Finally, subjects 
were thanked for their participation in the experiment.
5.4 RESULTS
The data recorded consisted of the number of items correctly 
detected and . fa_4se alarms by each, subject during the four periods 
of training as well as transfer sessions.
5.4.1 DETECTIONS
First, the data are summarized in terms of group means and percentage 
in Tables 8 and 9.
TRAINING SESSION
Groups
Periods FKR PKR NKR
PI 6.25 5.92 5.33
P2 7.08 4.83 4.00
P3 7.66 5.41 4.41
P4 7.50 5.25 4.58
TRANSFER SESSION
Periods
PI 5.92 5.08 4.58
P2 5.58 4.25 3.92
P3 6.00 4.50 3.66
P4 6.58 5.25 3.83
Table 8: Group means for detections of the three experimental
conditions in both training and transfer sessions.
TRAINING SESSION
Groups
Periods FKR PKR NKR
PI 69.44 65.78 59.22
P2 78.67 53.66 44.44
P3 85.11 60.19 49.00
P4 83.33 58.33 50.89
TRANSFER SESSION
Periods
PI 65.78 56.48 50.92
P2 62.00 47.22 43.52
P3 66.67 50.00 40.74
P4 73.11 58.33 42.59
Table 9: Percent detections of the three experimental conditions in
both training and transfer sessions.
To sum up the data, Table 3 shows that in the training session 
the group receiving Full Knowledge of results performed at a level 
higher than both Partial KR and control group. This performance 
persisted relatively high into the transfer session. Partial KR showed 
a slight improvement after.a drop in the beginning of the transfer of 
session.
All analyses of variance are found in Appendix B, together 
with the raw data of detections and false alarms (Table 10 and 11].
Only summary data for the analyses of variance-, performed on the raw 
data will be considered below.
A 3-way ANOVA which was performed on the raw data of detections 
indicated thatj
There was a significant difference between the groups
CF = 30.01, df = 2,33, p < .01).
Detections varied significantly for the groups when training 
session was compared with transfer session,
(F = 23.87, df = 1,33, p < .01).
The interaction between groups and training session versus transfer 
was not significant,
CF = 0.88, df = 2,33, p > .05).
Detections varied significantly with periods of time.
(F = 3.90, df = 3,99, p < .05).
Interaction between groups and periods was significant,
CF = 3.90, df = 6,99, p < .05).
Interaction between training versus transfer and periods was not 
significant.
CF = 0.63, df = 3,99, p > .05).
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The overall interaction was not significant.
CF = 0.99, df = 6,99, p > .05] .
The 3-way ANOVA performed on the raw data of detections indicated 
significant results in the main effects, respectively experimental 
conditions, training versus transfer and periods. However, except for 
the interaction concerning experimental conditions with periods all 
other interactions were insignificant.
If we look at Figure 7, it can be seen that all three experimental 
conditions showed varying levels of detection. The group receiving full 
knowledge of results CFKR] produced the highest rate of detections. The 
curve shows an improved increase in the detection of defective items 
throughout the periods of training. The partial knowledge of results 
(PKR) did, however, perform better than the control group though less 
well than the Full KR.
These effects were transferred to sessions where the training aids 
were completely removed. Again, in the transfer session, the experimental 
groups differed in their detection performance. Despite a slight rise 
in detection rate by the group receiving partial knowledge of results, 
the subjects’ performance was still lower than the FKR. The significant 
interaction between experimental conditions and periods indicates that 
the groups varied in detections according to periods of time. This is 
clearly shown in Figure 7. The performance of full knowledge of results 
shows significant improvement over other groups. The subjects’ 
performance increased from one period to another. Despite the slightly 
lower overall performance comparing to the training session (see Table 8 ) 
the constant increase in detections is clearly apparent in the transfer 
session. However, both partial knowledge of results and control groups
seem to perform in the same direction though different from each other 
in the training session. When it came to the transfer, while the performance 
of control group remains constant, the partial KR group- showsa rise in 
detections especially from the third period. However, its performance 
remains different from that of subjects receiving full KR.
5.4.2 FALSE ALARMS
As before in the detection section, the data will be presented in 
terms of group means and percentage in Tables 12 and 13.
TRAINING SESSION
Periods
PI
P2
P3
P4
TRANSFER SESSION
Periods
PI
P2
P3
P4
Groups
FKR
3.33
2.16
1.83
1.83
1.41
1.33
1.16
1.16
PKR
3.75 
2.91
2.75 
3.42
2.17
2.41
2.25
2.08
NKR
4.08
5.00
4.66
5.25
4.17
3.00
2.83
3.50
Table 12: Group means of false alarms of the three experimental
conditions in both training and transfer sessions.
TRAINING SESSION 
Periods
Groups
FKR PKR NKR
PI 0.45 0.51 0.56
P2 0.30 0.40 0.68
P3 0.25 0.38 0.64
P4 0.25 0.46 0.72
TRANSFER SESSION
Periods
PI 0.19 0.29 0.57
P2 0.18 0.33 0.41
P3 0.16 0.30 0.38
P4 0.16 0.28 0.48
Table 13: Percent false alarms of the three experimental conditions
in both training and transfer sessions.
From Table 13, it can be seen that the group receiving Full 
Knowledge of results produced a consistent reduction in false alarms 
throughout the whole session of training. The; performance was better 
than either the Partial Knowledge of results or Control groups. However, 
in the transfer session all groups showed a decline in false alarms with 
the exception of the Control group which showed a sharp rise in false 
alarms at the end of the .session (see Figure 8),
A 3-way ANOVA was performed on. the raw data of false alarms, it 
was found that;
False alarms varied significantly with groups,
(F = 9.49, df = 2,33, p < .01).
There was a significant difference with training versus transfer 
session.
(F = 32.06, df = 1,33, p < .01).
Interaction between groups and training versus transfer sessions 
was not significant,
(F = 0.38, df = 2,33, p > .05) .
False alarms varied significantly with periods,
CF = 4.17, df = 3,99, p < .01).
Interaction between groups and periods was not significant,
CF = 1.27, df = 6,99, p > .05).
Interaction between training versus transfer sessions and periods 
was not significant.
(F = 0.22, df =. 3,99, p > .05) .
The overall interaction was significant.
(F = 4.59, df = 6,99, p < .05).
Concerning false alarms, the AN0VA performed on the data showed 
significant differences in the main effects, but all the interactions 
between factors were non-significant, except the overall interaction 
which was significant at p < .05.
Subjects who were receiving full Knowledge of results made fewer 
false alarms and thus differ from other groups, as Figure 8 shows.
The control group showed an increase in false alarms, while in the 
partial KR the rate of false alarms was reduced across the first 
three training periods with a slight rise at the last period.
A similar pattern or results occurred in the transfer session, 
though the overall rate of false alarms was reduced. The control group 
performed slightly better on the transfer session, but was not comparable 
to other groups and showed little evidence of a permanent improvement.
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The increase of false alarm rate at the end of the session probably 
indicates that the improvement was not true learning. The partial 
Knowledge of results was performing under a constant level of performan 
throughout the four periods of the transfer session. The group 
receiving full Knowledge of results was also performing at a constant 
level though far better than the partial KR.
5.5 DISCUSSION
The findings of this experiment indicate that the more precise 
and relevant- feedback resulted in a significantly higher level 
of performance than the less accurate knowledge of results. The 
demonstrated superiority of the full KR over the partial one 
logically results from its providing the subject with information 
about the responses as well as knowledge of .errors (missed defects) 
in performance. These findings coincide with the generalization 
that performance improvement in acquisition of perceptual skills 
depends upon the precision and relevance, of the information, that 
is, the more relevant the KR, the higher the level of performance. 
Thus significant differences were found between the full knowledge 
of results and the partial KR. However, it is interesting to note 
the change in detections for the group first exposed to partial KR 
from the. training to the transfer session. On the training session, 
the partial knowledge of results group was closer to the control 
group than to the full KR group. Qn the transfer test, the partial 
KR diverged from.control group and moved closer to the full 
knowledge, of results especially after the second period of transfer, 
however, performance was not identical. This may suggest that 
partial KR, which is furnished only when the subject responds, can 
be as effective as the full KR condition. However, the missed 
defect information is effective as shown by the differences in 
performance between the two conditions. Therefore it is of 
importance and could not be easily self-eliminating. On this basis 
one might say that ifFKR has produced a relatively steady level of
performance in transfer, it is due to the difference between the 
groups concerning the information content. Subjects in the full 
KR condition know that they will be informed if they miss a 
faulty item, for whatever this is worth at high performance levels.
The other important finding presented here is that partial KR 
resulted in a marked increase in false aiarttis, while full 
knowledge of results led to a reduction of such errors. Some 
attempt to explain the large number of false alarms under partial 
feedback seems worthwhile. Under the control condition, the subject 
received no information regardless, of response. However, under 
the full KR, the subject received complete information regardless 
of his/her decision. If the subject responded he/she was able 
to determine immediately whether that response was right (correct 
decision), or wrong (false alarm). If the subject did not 
respond, the missed defect light gave the information of error. 
However, in partial KR condition, the subject received information 
only by responding. Thus, if the subject was. doubtful about whether 
a presentation was a fault or not, he could resolve this ambiguity 
only by responding. The large number of false alarms found under 
this condition may be accounted for by the subject's desire for 
information. This could be satisfied only by knowing how much 
he/she missed. Furthermore, the insignificance result of the groups 
by time periods interaction demonstrates that subjects in the partial 
knowledge of results group did not improve with practice (p > .05) . 
This substantiates the view that the amount of information relevant 
for performing the kind of inspection task employed is important and
that practice alone is not sufficient to elevate performance. One 
might say that partial knowledge of results as presented here (and 
probably as well as in practical situations) encourages false 
responses. The difference found between the two types of knowledge 
of results recommends the addition of missed defect information during 
the performance of the task. In other words, full knowledge of 
results should be an effective method at least in a structured 
training situation. The question of permanence needs not to be 
the deciding factor in determining the feasibility of such training.
It is entirely possible to retrain.inspectors at regualr intervals 
after they have been on the job without KR. In this manner it may 
be possible to ’refresh’ the inspector with periodic re-exposure 
to an inspection training programme with full knowledge of results.
CHAPTER SIX
EXPERIMENT III
6.0 INTRODUCTION
The previous two experiments yielded some interesting results 
briefly summarized here. In the first experiment, the knowledge of 
results (KR) condition produced a stable level of performance in 
detections, and, in the second experiment the full knowledge of results 
group performed better than the partial KR group. However, in both 
experiments and especially the second, it has been noticed that the 
performance of full KR in the transfer session was lower than that in 
the training, despite an overall improved detection rate. It was 
suggested, in this third experiment that two questions would be 
investigated. Firstly, the effect of improving performance by reducing 
the amount of information throughout the session of training.
Secondly, subjects would be introduced to a cognitive pre-training 
as a preparatory phase to the main training.
The first two conditions used in the first experiment were feedback 
alone and cueing alone. Since the third experiment is based on a different 
stimulus, with different defects, it seemed worthwhile to replicate 
partially these two conditions in the present experiment.
In addition to the above training conditions, two other factors 
were included in the current experiment. As described in the review
in Chapter Three, one of the difficulties associated with training 
for perceptual skills is that subjects may become dependent on the 
presence of the particular training aid to maintain performance.
This may prevent the performance improvement obtained during training 
being transferred to post training sessions. Abrams and Cook (op cit) 
found that gradually fading (reducing) the amount of feedback during 
training improved the retention of any detection skills acquired.
It serves to force a subject to develop and rely at least in part upon 
an internal reference system, ie to learn. Thus, it is worth investi­
gating if this effect can also be obtained with cueing. All the training 
methods described up to now were therefore used under two levels. In 
one case, feedback and cueing were provided continuously throughout the 
training session. In the other level, the amount of information provided 
by cueing or feedback was gradually reduced during the session of 
training (see Table 14).
The other question of interest which was investigated in the 
experiment, was the suggestion that subjects might not develop precise 
internal references using fading technique unless they were pre-exposed 
to a session where they learn the nature and characteristics, of defects 
to be detected in the inspection task. Therefore, it was felt necessary 
to provide subjects with a cognitive pre-training session. Here as much 
information as possible on defective items was provided. The pre-training 
consisted of both demonstrations and practice trials using a visual aid. 
The relevance of this pre-training also stems from the fact that the 
nature and degree of complexity of visual inspection tasks are quite 
different from the auditory tasks.
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The present experiment was planned to test the hypothesis 
that groups receiving cognitive pre-training would perform better 
than other groups. In other words, the reduction of the amount of 
information would not deteriorate the level of performance due to 
the fact of learning the critical features of defects in the pre- 
training session.
6.1 SUBJECTS
None of the subjects had any prior experience with the task.
56 students from various disciplines at the University of Surrey 
were recruited for the experiment. They were randomly assigned 
to the 7 treatment conditions with the restriction of having 
the same ratio of male/female in each condition. Subjects were 
examined for adequate eyesight. Mean age of subjects was 24.6 years.
6.2 APPARATUS USED IN THE THIRD EXPERIMENT
Along with the simulated conveyor belt apparatus employed in 
the earlier experiments, another piece of apparatus was used with 
groups receiving pre-training session. The slide projectors used 
in this experiment were Kodak Carousel S-AV 28 projectors with 
300 W lamps and f:85 mm lenses. A photographic process was used 
to fabricate the 'good' razor blade as well as the four types 
of defect into a 35 mm slide format. The slides were contained 
into Kodak Carousels of 80 frames each. The items (simulated 
razor blades] were projected to form 58 cm x 31 cm in display onto
Screen
Door
Subject’s seat
Slide
projectors
Experimenter area
□
Adjustable
seat
o
Lamp Lamp Simulated
conveyor
belt
Figure 9 : General experimental layout (Seen from above)
the screen just above eye level. The viewing screen was of flat, 
white cardboard, and 2.8 metres distant from the subject's seat.
The room was painted black and the only light source, other than 
the projectors, was two small lamps behind the experimenter (see 
Figure 9 3.
6.3 TASK AND PROCEDURE
The task consisted of 760 items to be inspected during the 
session of training, which lasted 40 minutes. The defect schedule 
employed in this experiment was to equally assign 11 defects to each 
of the four periods of the session. The total number of defects 
was then 44 and represented 5.78% of the total number of items to 
be inspected. Between periods, three rest pauses of 2 minutes each 
were introduced. The basic non-target item and the four types 
of defect are shown in Figure 10. The defect was visually 
available for approximately 5 to 7 seconds. The items to be 
inspected were stamped onto a long length of paper.
The seven experimental treatments were as follows:
1. Cueing Group (0): Subjects in this group received a white
light which illuminated 2 seconds before the defective item 
appeared. Subjects were not informed of the position in 
which the defect would appear.
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2. Knowledge of Results Group (KR) : Correct responses, missed
defects and false alarms were indicated to subjects after 
they responded, by respectively, green, red and blue lights.
All subjects’ responses were fed back immediately.
3. Fading Cueing Group (FQ): The white light which illuminated
before the defective item appeared, as a ’warning' signal,
was systematically reduced during training. The fading cueing 
group was given 100% cueing for the first period of the training 
session, 50% cueing for the second period, 25% cueing during 
the next 10 minutes and 100% during the final 10 minutes (the 
100% cueing was reinstated to permit a comparison with the 
initial performance).
4. Fading Knowledge of Results Group (FKR): The only difference
between this group and the second, one was that knowledge of 
results here was systematically faded during training. The 
fading KR group was given 100% feedback for the first period 
(10 minutes), 50% feedback for the second period, 25% feedback 
during the next 10 minutes and 100% during the final 10 
minutes.
5. Control Group-(C): No information was given to subjects of
this group. The display of lights was covered up in order
not to be seen.
Subjects performing under the above training conditions were given
a short familiarization with the task which lasted about 3 minutes.
Groups 6 and 7 were provided, with the same training as groups 
3 and 4, but before that a pre-training session which lasted 20 minutes 
was given to subjects. This session was identical to both groups 
and is described below.
PRETRAINING REQUIREMENTS:
A.. DEFECT LOCATION
The location of the defect was one of the most critical 
parameters as to how conspicuous it was in the eyes of the subject. 
Prior to the practice part of pre-training, the experimenter defined 
the critical surfaces or parts of the item (simulated razor blade) 
as the first step of pre-training. Defects could possibly be found 
in two parts of the item. The first part was in the middle of the 
item (Area I) and the second part was concerned with edges (Area II). 
The purpose of this explanation was to direct subject’s concentration 
to what should be noticed.
B. DEFECT TYPES
The pre-training programme also defined appearance defects to 
assume that everyone assimilated the four types of defect. A 
picture (slide) may be worth a thousand words, but a few words were 
needed to explain what was important to remember about each slide 
depicting one type of defect.
C. DETECTION OF DEFECTS
Guidelines.were also needed to explain that each item contained 
only one defect at a time, and therefore, the item would be detected 
as soon as it was found that it contained one defect.
After giving a short explanation about the above mentioned 
characteristics which lasted about five minutes, the second part of 
the pre-training session was introduced by giving 225 practice slides 
of which 36 were defective to the subjects. All slides (defective 
and non-defective items) were presented in both horizontal and 
vertical positions to help the subject to familiarize him with any 
position which could occur in the main training on the simulated 
conveyor belt. By allowing the subject to inspect the slide for 
approximately 4 seconds, which is less than the time available on 
the main training, this would help him concentrate only on the parts 
he had learnt before, like the case for the middle of the razor blade 
(Area I) or the edges of the item (Area II). The subject was seated 
comfortably opposite to the screen. An easily grasped hand switch 
was placed next to the experimenter. Depression of this switch 
briefly showed the next slide on the screen.
Both pre-training groups performed the practice task as follows:
Group 6 (FQ) Group 7 (FKR)
35 correct detections 36 correct detections
1 missed defect 1 false alarm
After a 3 minute rest from the pre-training, subjects were 
given the main task which consisted of the inspection of razor 
blades on the simulated conveyor belt apparatus. It would appear 
that too long a period of rest between pre-training and the main 
training session could result in forgetting what had been learnt 
about the defect. As mentioned earlier, the subjects of the groups 
5 and 6 performed the main training session exactly the same as 
groups 3 and 4.
TRANSFER SESSION
After a week’s interval, all subjects of the 7 experimental 
conditions returned for. the transfer session. They were first given 
a memory test by showing to subjects the four types of defect as well 
as the ’good' standard blade. All experimental groups were told 
that they would not be informed, before or after their-responses.
Then, they were asked to perform the task on the simulated conveyor 
belt. The items to be inspected were exposed to subjects in reverse 
order. At the end, subjects were thanked for their participation.
6.4 RESULTS
For the purpose of the analysis, both sessions of training and 
transfer were subdivided into four 10 minute periods. Because very 
few false alarms were reported, it was found impractical to perform an 
analysis on them. The performance scores relevant to detections were 
then computed from the data within each of the 4 periods.
6.4.1 DETECTIONS
The detection data by experimental groups and time periods for 
the two sessions (training and transfer] are shown in Figure 11, in 
terms of percentage of defects detected. In the transfer session, 
all subjects were run under conditions of-no training aids (identical 
to the control group in the training session] but are labeled 
according to the conditions under which they were trained a week 
earlier.
The analyses of variance are found in Appendix C, together with 
the raw data for detections (Table 15]. First, the raw data is 
summarized in terms of group means.and percentage in Tables 16 and 17.
Training
Periods
Session
Cueing 
• (□]
KR
Experimental
Fading Fading 
Q KR
Conditions
Control Pre + 
Fading 0
Pre + 
Fading KF
PI " 7.50 8.25 7.13 7.63 4.62 8.88 9.25
P2 7.63 7.86 6.63 7.00 4.75 9.50 9.00
P3 7.25 8.38 5.50 6.38 4.88 9.00 9.12
P4 7.00 7.63 6.25 6.63 4.50 9.13 9.37
Transfer Session
Periods Cueing KR Fading Fading Control Pre + Pre +
CQ] 0 KR Fading 0 Fading KF
PI 6.38 7.00 6.88 7.13 4.00 9.38 9.13
P2 6.75 7.12 6.00 6.38 4.25 8.75 9.00
P3 6.38 6.88 5.38 5.88 4.63 8.63 8.75
P4 5.88 7.00 5.38 6.38 4.37 8.25 9.00
Table 16: Group means for the 7 experimental conditions in both
training and transfer sessions
Training
Periods
Session
Cueing
(Q)
KR
Experimental
Fading Fading 
Q KR
Conditions 
: Control Pre + 
Fading 0
Pre + 
Fading KR
PI 68.18 75.00 64.77 69.32 42.05 80.68 84.09
P2 69.32 71.45 60.27 63.64 43.18 86.36 81.81
P3 65.90 76.17 50.00 58.00 44.31 81.81 82.90
P4 63.64 69.32 56.81 60.18 40.90 82.90 85.23
Transfer Session
Periods Cueing KR Fading Fading Control Pre + Pre +
(Q) Q KR Fading Q Fading KR
PI 57.95 63.64 62.54 64.77 36.36 85.22 82.95
P2 61.36 64.78 54.55 57.95 38.63 79.54 81.81
P3 57.95 62.50 48.91 53.41 42.09 78.41 79.54
P4 53.41 63.64 48.91 57.95 39.77 75.00 81.81
Table 17: Percent detections for the 7 experimental conditions in
both training and transfer sessions
As shown in Table 17, the groups receiving pre-training session 
performed better than subjects in the other experimental conditions in 
the training session. However, that performance persisted in the transfer 
session at an improved stable level, while the performance of the 
other groups declined to some extent with a continuous decrease 
for groups receiving the fading technique only.
Summary data for the analysis of variance will be I considered 
below. A 3-way ANOVA for detections was performed on the raw data 
and it indicated that,
Detections varied significantly with experimental conditions,
CF = 28.36, df = 6,49, p < .01)
Dectections varied significantly with training/transfer,
(F = 12.89, df = 1,49, p < .01)
Dections varied significantly with periods,
(F = 2.83, df = 3,147, p < .05)
Interaction between experimental groups and training/transfer 
was not significant,
CF = 0.59, df = 6,49, p > .05)
Interaction between experimental groups and periods was 
not significant,
(F = 0.86, df = 18,147, p > .05)
Interaction between training/transfer and periods was not 
significant,
CF = 0.05, df = 3,147, p > .05)
Overall interaction was not significant,
CF = 0.35, df = 18,147, p > .05).
The 3-way ANOVA revealed highly•significant differences between 
the varying experimental treatments CF = 28.36, df = 6,9 at the 0.1 
level). Two other significant main effects were the training versus 
transfer and the periods factors. As Figure 11 shows, the overall 
average detection varied from period to period during the experimental 
phase. The results also indicate that the transfer did affect the
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performance of all groups. Although the pattern of difference between 
both pretraining groups C6 and 7 as numbered on Table 14) was maintained 
in transfer, it was still small to be considered as significant and 
thus, it can be said that cognitive pretraining used with the latter 
groups has reduced to some extent the differences between the two groups 
(and hence between the two techniques, cueing and feedback). In this 
way, we can say that the cognitive pretraining had an impact on visual 
inspection performance.
The subjects receiving only the fading technique (groups 3 and 4) 
did show the expected decline which indicates that the first period 
of training (where they received 100% of the information) was not 
sufficient to learn about the defects from it. And when the following 
two periods, subjects received only 50% and 25% of the information, they 
showed a decrease in detections. However, with the reinstatement of 
100% of information in the last period of training, a slight increase 
in detections was produced.
The subjects receiving cueing and feedback continuously (groups 1 
and 2) did perform better on the average than those with the fading 
technique (groups 3 and 4), but were far worse in their performance 
than the groups receiving cognitive pretraining.
6.5 DISCUSSION
Perhaps the most encouraging result of the whole experiment, is 
the level of performance achieved by both groups receiving the 
cognitive pre-training. The constant difference throughout the training 
session between the latter groups and all other groups employed in the 
experiment was clearly demonstrated (See Figure ll). Taken at face 
value, this constant difference means that fading groups only did not 
learn more than the pre-training groups who merely outscored them by 
detecting more defects during the total training session. The 
separation between the groups persisted in the transfer session. It can 
therefore be said that pre-training demonstrations and practice benefitted 
subject’s performance by providing them with useful information to 
rely on when training aids, were faded.away. More interestingly the 
effect was transferred to a session where those training aids were 
completely removed.
Groups receiving only fading technique did not even perform better 
than the groups (1 and 2) who received feedback and cueing continuously.
At some stages of the training session, they declined sharply in their 
detection performance of defects. Those stages coincided with the 
periods where the amount of information provided to subjects was 
reduced (ie. the second and third periods) . This could be obviously 
seen from Figure 11. However, when compared with the final period 
where the whole amount of information was reinstated, one can notice 
a slight regain in the detection rate of defects. This is also 
evidence of the importance of information provided through feedback 
or cueing techniques.
An interesting result was that both groups receiving knowledge 
of results and cueing continuously did not perform at the same level.
The knowledge of results group detected more defects than the cueing 
group. This could mean that cueing is not as effective as feedback 
in benefitting the amount of information provided to subjects. This 
result has, however, not been produced with groups receiving pre-training. 
In fact, pre-training has reduced to an extent the differences between 
the two techniques (see Table 17). Moreover, it was found that subjects 
under continuous feedback and cueing produced a low level of performance 
when compared to those groups receiving congitive pre-training. As it 
has. been already mentioned that reducing the information throughout 
the whole session of training led to the deterioration of detections in 
groups 3 and 4. This effect was also transferred to a subsequent 
session where training techniques were removed. The very short 
provision of information in the first period of training did not enable 
the subject to learn about the critical features of defect as well as 
where possible areas could be looked at, as it happened with groups 
receiving explanations and demonstrations in the pre-training session.
The use of cognitive pre-training in the inspection task employed 
in this experiment has contributed.to the development of precise 
internal references of what constituted a ’good.' razor blade and a 
'bad’ one. It benefitted the subject especially when the amount of 
information had been reduced systematically. The subject was also relying 
on what he learnt during the pre-training session, to use it in the transfer 
session where the training technique was completely removed.
The finding of Abrams and Cook (1971) and Wallis’ suggestion 
that, supplementary cues and information must be withdrawn during 
training was not confirmed in this experiment. However, the 
fading technique was only beneficial when a cognitive pre-training 
was employed in order to promote true and effective learning of defect 
characteristics. This was done through the-explanations and demonstrations 
of the important features of the stimuli as well as practice trials to 
locate areas of defects in a pre-training session before they embarked 
on the main training.
Another explanation for the failure of other groups to perform well 
might be that subjects initially attended to irrelevant areas of the item 
and then had difficulty redirecting their perception to the relevant 
spots of defective items. The critical and facilitating aspect of 
cognitive pre-training was thus to concentrate on defective areas and 
therefore prevent subjects from missing defective items since we know'that 
the viewing of items was limited in space as well as in time.
The findings of this experiment suggest that cognitive pre-training 
may provide the opportunity to overcome the deterioration of detection 
performance when fading technique is used. This could be done by 
providing subjects with as much relevant information as possible on 
the items to be inspected in a session prior to the main training.
Finally, if such pre-training is invalidated in a real inspection 
training situation by inadequate provision of time as well as the lack 
of employing such visual aids, as a source of assistance to the training
programme, the inspector researcher is faced with problems. In this 
case, he should specify what could be done to associate the pre- 
training session as an important and integral part of the main 
sessions of training so that it will contribute to the achievement 
of the level of performance required.
CHAPTER SEVEN
GENERAL DISCUSSION AND CONCLUSIONS
One of the most noticeable characteristics of the human factors 
and ergonomics literature on industrial inspection is the paucity of 
data on the training of operatives for this task. This could obviously 
be seen from the literature survey presented in the earlier chapters in 
which most studies are dated within the period 1960-1975. A possible 
reason for the lack of research interest in training for inspection 
may be in the concentration on motor learning in most applied studies 
rather than the perceptual skills predominating in quality control 
situations. Whatever the reason, the neglect of this area by research 
workers in industrial inspection is particularly regrettable since it 
has some attractions from an applied research standpoint. One important 
consideration is that training is the essential intervening variable 
between the theoretical models relevant to inspection and their application 
in real life situation.
Although little work appears to have been done, specifically on 
training for industrial inspection, a wide range of literature exists 
in two areas which seem relevant to training for inspection: training 
for sonar detection and training for vigilance. Although the auditory 
modality used in sonar training is not often required in inspection tasks, 
nevertheless it seems likely that many of the techniques evolved for
training the sensitivity of sonar operatives would be applicable to 
inspection, bearing in mind the similarity between the two tasks, 
in that they involve the detection of a random infrequent signal 
(defect). Similarly, although vigilance may be only one factor in 
inspection, many experimental vigilance tasks have resembled true 
inspection situations.
When a subject is required to detect signals (defects) among the 
presented stimuli, it has been proposed that his performance efficiency 
will be influenced by two different training techniques: cueing and 
feedback. Which training technique is the most appropriate in the 
context of inspection? To what extent does combining different 
techniques influence the accuracy of subjects in performing the inspection 
task? How important is the information provided to subjects? These 
questions have been the focal point in the experiments described in 
this thesis.
A summary of the main results of the three individual experiments 
will be followed by a general discussion of the experiments as a series.
The first experiment was designed to investigate the effectiveness of 
cueing versus knowledge of results as training techniques in the 
simulated, inspection task. A combination of both techniques was also 
employed with a control group. There was a significant difference among 
groups. All experimental groups performed at a relatively high level 
of detection in the training sessions and thus, different from the 
control group. However, when it came to transfer, the group receiving 
knowledge of results (KR) achieved a stable level of performance efficiency
in detections. The performance of the two other groups (cueing and 
combined condition) declined when transferring to session where training 
aids were completely removed. A noteable feature of the results was 
that the improvement in detections found with knowledge of results was 
accompanied by an increase.in false alarms when compared with the cueing 
groups. However, the rate of false alarms under KR condition was constantly 
reduced thoroughout the training sessions and reached its lowest level 
in the transfer test.
However, it was concluded that knowledge of results would be more 
effective in training subjects to detect defects in the simulated 
inspection task, due to the informational aspect of feedback which fits 
with the nature of the task.
In the second experiment, the relative effectiveness of feedback 
information was further explored - specifically the effects of two 
different modes of knowledge of results on training for inspection 
skills.
It was found that the more precise and relevant feedback produced 
a better level of performance efficiency. The findings of this experiment 
showed that full knowledge of results (feedback about correct detections, 
missed defects and false alarms) resulted in significantly better 
performance than partial feedback (knowledge furnished only upon a 
subject’s response). Moreover, there was a significant difference in 
false alarm rates between the two modes of feedback. The group receiving 
full knowledge of results produced fewer false alarms than the partial KR.
The use of full knowledge of results was advocated as beneficial 
when training subjects in the inspection task.
Despite an overall improved detection rate produced in both early 
experiments, it was noticed that performance in the KR condition (in the 
first experiment) and full KR (in the second experiment) in the transfer 
session was to some extent lower than that found in the training session. 
This suggested that two further questions could be investigated:
a) the effect of improving performance by fading systematically the 
amount of information during training, and
b) the effect of introducing a cognitive pre-training as a preparatory 
phase to the main training.
In this third experiment, seven experimental treatments were 
employed (see Table 14 and Section 6.3). The first two conditions were 
feedback and cueing techniques provided to subjects continuously during 
the. training session. The following two conditions consisted of providing 
the same techniques (feedback and cueing) but systematically faded 
throughout the session of training.. The two other experimental conditions 
were fading cueing and fading feedback preceded by a cognitive pre-training 
period. The last condition was, of course, a control group who 
received no training aids.
The results of the experiment showed that groups receiving cognitive 
pre-training produced.a better level of performance detection than other 
groups. The effect was also produced in the transfer session. Subjects 
in groups 3 and 4 who were provided with the fading technique showed 
a decline in their performance, and did not perform better than the groups 
1 and 2 who received feedback and cueing continuously during training 
(see Figure 11). However, the performance of the latter ones was still 
lower when compared to the groups with cognitive pre-training.
In this experiment, therefore, the use of cognitive pre-training 
was found to be effective in improving performance efficiency of subjects 
in the inspection task when it preceded the fading technique.
In considering the previous summary of the results of this study, one
I
can notice that one aspect is conspicuous in the whole series of experiments 
that of the importance of information provided to subjects when performing 
an inspection task. In the first experiment, it was found that knowledge 
of results group performed better than other groups and thus providing 
subjects with information they required when they correctly detected h 
defective item, or reporting a false alarm as well as when.they missed 
a defect. This improved their performance efficiency not only in the 
training sessions but also in the transfer session when the training aid 
(KR) was completely removed. To explore more specifically the relative 
effect, of information feedback, subjects were then tested when provided 
with different amounts of information during training. The subjects under 
full knowledge of results condition produced a better performance than 
those with partial knowledge of results. This is another evidence of 
the importance of informational aspect of knowledge of results in the 
inspection task. The full KR provided subjects with the relevant 
information concerning their responses.. The missed defect information 
was important in so far as it filled the gap which might hinder true 
learning, by knowing the number of defects missed.
In the third experiment of the series, the use of cognitive pre- 
training provided another point of strength to the importance of 
information in training for inspection skills. Providing a pre-training 
session to subjects where they learnt the characteristics and features 
of defects and non-defects, led to a higher level of performance
efficiency in detection rate. This experiment also shows that the 
importance of information in terms of cognitive pre-training is 
relevant in the early stage of learning, and that the subsequent 
reduction of it does not affect learning (however, it did affect groups 
receiving only fading technique) but, on the contrary, the subjects 
then come to rely on what they learnt in the pre-training session.
This series of experiments has emphasized the role of information 
in detecting defects in the simulated inspection task. The importance 
of information comes essentially from the nature of the inspection task 
which requires a great understanding of the critical features of the 
products to be inspected. Some products have often different aspects 
and thus varying defects which need to be explained to the inspector 
if performance efficiency at a high level is required for the satisfaction 
of the customer in the market.
When one considers the results found in the previous studies in the 
field of training, one notices that some workers (eg Wiener, 1963, 1968, 
1969, 1974 and Warm, 1973, 1974) in the vigilance field have interpreted 
the results in terms of motivational effect. However, one can say that 
their results were persuasive only because the tasks employed in the 
experiments were chosen because they were.known to produce a vigilance 
decrement. Moreover, the required discriminations were simple and 
therefore the results when explained in terms of motivation seem to be 
appropriate. However, Wiener (1975) stressed the point that the training 
of inspectors does need a high degree of understanding of the nature of 
defect (signal). Thus, it appears that tasks used in the inspector field 
are quite different from those employed in vigilance and sonar detection 
tasks and therefore different interpretations might be required according 
to the kind of task.
In theory, both cueing and KR provide the signal specification 
and distribution information required. Annett (1969] postulated that 
the degree of perceptual learning that occurred was a function of the 
number of 'authenticated' samples, of the signal provided during training 
and the amount of information that could be gained concerning the 
distribution of the signal (defect]. In the first experiment of this 
study, the group receiving cueing technique did not perform better than 
KR group in the transfer session, and his performance started to decline 
during the sessions of training. Mostly, the failure of this technique 
was accounted for by the kind of simulated inspection task empolyed in 
the experiment. Many items occurred at the same time in the vicinity 
of the 'viewing window' and this might have led to the difficulty of 
pairing the signal warning with the stimulus defect. However, the 
cueing technique, provided better results in the experiments carried out 
by Annett (1964, 1966, 1967], despite the fact that the auditory signal 
used by him was deliberately adjusted to be near to the subject’s 
threshold. On the other side, in Wiener's experiments the voltmeter was
also clear and unambiguous and required very little learning. It is clear,
however, that in the experiments by Wiener (1963, 1967, 1968] and 
Wiener and Attwood (1968], very little learning of the signal (defect] 
characteristics was involved and the effect of KR was primarily
motivational. Neither of the signals used by Annett or Wiener is of
the complexity found in a typical inspection task.
The literature gives no firm conclusions as to which of the two 
aspects of knowledge of results is likely to be important in the context 
of inspection tasks. However, the relevance of the informational aspect 
has been shown to be beneficial in the first experiment. Its importance 
was emphasized, in the second experiment which was carried out in this 
study.
It was found that the more precise and relevant feedback produced a 
better level of performance. Maximal detections and minimal false 
alarms were found when providing subjects with full knowledge of results.
The informative value of any piece of knowledge of results is going to 
depend on how it might affect the level of detection performance. So, 
it is not surprising that missed-defect information has been found 
effective in this type of inspection task. The efficiency of learning 
to detect defects increased when related to the specificity of the 
information given.
It has been pointed out that many experiments have found little 
advantage in increased specificity of KR (Annett, 1969). Generally, 
there is a rational strategy when the units of knowledge of results are 
not known absolutely. In the inspection task employed, it seems worth 
saying that all three pieces of information given to subjects under full 
knowledge of results were relevant to the performance of the task. What 
is especially significant, however, is the fact that missed defect
information appears to be used, in the most strategic way to hunt
for the location of the unseen target.
It is unfortunate that no apparent study was made in training using 
two different kinds of knowledge of results in the field of industrial 
inspection. There is no real evidence, in this context, that partial 
knowledge of results could perform better or equal to full KR after the 
removal of information feedback. Thus, in the experiment described here, it
can be. seen that subjects did not produce the same results due to different
amounts of information. This finding substantiates the informational 
interpretations of knowledge of results, in performing an inspection task.
Some workers do emphasize the importance of information provided 
during training, but caution about the dependence of subjects on the 
training aids (eg Wallis, 1963) . It was suggested that if the information 
is given continuously during training, subjects will maintain their 
performance rather than learn about the characteristics of defects 
versus non-defects. Abrams and Cook (1971) using only fading feedback 
have found that the systematic reduction in the amount of information 
provided through feedback enhanced learning. This finding was not 
confirmed in the third experiment of this study. The results have 
shown that subjects receiving fading technique for both groups of feed­
back and cueing performed worse than other groups. Some explanations 
already mentioned early (see Section 6.5) would be reviewed here.
Subjects did not know on what aspects to concentrate for the development 
of internal references of defects and non-defects and the task became 
difficult when the information provided was reduced systematically 
during the periods of the training session. Moreover, in Abrams and 
Cook’s experiment, the task used was an auditory perceptual task, and 
therefore,’its nature and degree of complexity were quite different from 
the simulated visual inspection task employed in the third experiment ■
One might contend that fading technique, per se, was not sufficient to 
achieve a higher level of performance. However, a true contribution 
to learning was produced when fading technique was preceded by a 
cognitive pre-training. Essentially, it was found that learning to 
detect more defects in an inspection task requires one to internalize 
reference levels of the stimuli in a pre-exposed session. When knowledge 
of results and cueing were faded, they were less and less often available 
as external references, and the subject then relied on the internal 
references he developed in the cognitive pre-training. The training aids
were not so important as references by the time the training session
came to the end.
Here, once again, the third experiment has demonstrated the importance 
of information provided, to subjects in terms of cognitive pre-training
which benefitted subjects in the early stage of learning. The provision
of this period of pre-training has prevented a deterioration of performance 
when the fading technique was preceded.
As a whole., it would be unwise to take the results of this series 
of experiments as being any more than just 'tending to support’ the 
informative aspect of feedback for some reasons. To start with, the 
inspection task does require a great understanding of defect characteristics 
and therefore, is quite different from those tasks where subjects require 
to be greatly motivated in order to remain in the learning situation.
’This study does not attempt to partial out the informational and 
motivational components of KR, but only to focus primarly on the informational 
aspect, due to the nature of inspection task. However, one must recognise 
that even in the inspection tasks motivation appears to affect the 
performance of subjects at least in terms of response strength. Another 
reason was the finding in the second experiment which shows that different 
amounts of information led to different levels of performance efficiency 
The more precise and relevant information, produced a high level of 
detections rate.
The information presented in the cognitive pre-training was intended
to help subjects to discriminate between defect and non-defect. That
information included demonstrations, and explanations of the various 
characteristics of defects and thus benefitted the subjects by producing 
a high level of performance efficiency in detections.
One should recognize that the method in which subjects were ’.cued' 
in this study was only one of many possible ways of doing so, and an 
entire array of questions on the most effective way of presenting the 
cueing technique remains to be answered. Future,research, should concentrate 
on such things as the length of the cue, the combination of other sense 
modalities (even if the task requires only one sense modality), the 
duration between the end of the cueing signal and the appearance of 
the defect. The cueing technique could also be improved by indicating 
to subjects the position of the defect among the items presented in the 
viewing window. Despite thefact that this method is rarely found in 
real life situations, one can say that a carefully engineered cueing 
technique could be more successful at least in a structured training 
device.
It is obvious, as it was shown early, that full knowledge of 
results which can be offered to the subject is bound to be helpful.
Although most inspection systems do not provide such knoweldge of 
results, there seems to be good grounds for recommending that re- 
inspection be carried out far more frequently, by senior inspectors, 
in order to provide such feedback..
Virtually, no formal work has been carried out to investiage the 
effect of different modes of feedback in the field of inspection. This 
study has not confirmed the suggestion that partial KR could perform 
equally or better than the full KR in detecting faults. The results 
which were found in fields such as vigilance area might not be 
ascertained in the inspection field. Clearly more work is needed in 
this context.
The intervention strategy (in the form of cognitive pre-training), 
when combined with the training techniques, works and skill was maintained 
at least over a week of disuse. It is worth investigating the long 
term retention of inspection skills, especially'when one knows that subjects 
finishing courses in training centres may well not find a job immediately.
Another point was the possibility.of training the subject to be 
able to discriminate between defects and non-defects in a pre-exposed 
session using a sophisticated audio-visual such as a video film. The 
training will be more effective especially if the inspection task occurs 
along a conveyor belt. The demonstrations and explanations used in the 
pre-training could concentrate on training subjects to distinguish between 
defects and perfects stimuli encountered in the real-life s i t u a t i o n s . , ,
It would be interesting, in this context, to investigate situations 
where the inspector is required to judge not only whether a defect exists 
or not but also whether its severity makes it worth reporting as a ’defect' 
The results could be efficient when such an audio-visual aid is employed.
The most important conclusions that emerge from this study are 
outlined below:
Knowledge of results, in terms of detection rate, was found to be 
an effective training .technique in the simulated inspection task, while 
cueing did not produce a better result when transferring to a session 
where the training aid was completely removed.
The combining of both training techniques(cueing and feedback) did 
not prove to be beneficial in improving the performance efficiency after 
an intervening period of four weeks.
Concerning false alarm rate, knowledge of results produced more 
faults (when compared to the cueing groups), however, the rate of false 
alarms was constantly reduced and reached its lowest level in the 
transfer test.
It was also found, in this study, that full knowledge of results 
was better in producing an improved level of performance in detection 
rate than partial knowledge of results. In regard to false alarms, full 
KR also performed better by reporting less false alarms.
The fading technique was not effective in developing internal 
references about the characteristics of defects versus non-defects, when 
used with both training aids (cueing and feedback).
Cognitive pre-training was found to be a valuable adjunct to the 
achievement of a higher level of performance efficiency when used before 
the fading of information provided to subjects in the main simulated 
inspection task.
As a final reflection, one may ponder the extent to which it 
comforts the managers’ mind in many enterprises (among them the 
’Safir’ Company) to express their willingness to incorporate the 
results of work on perceptual training in their standard inspector 
training procedures.
APPENDIX A
TABLE 4: RAW DATA FOR DETECTIONS (EXPERIMENT ONE)
1. Cueing Group
Training Sessions Subjects (10)
SI 32 34 33 33 32 34 30 34 33
S2 32 35 32 35 34 35 32 35 35
S3 30 31 30 33 28 32 29 33 31
S4 27 29 27 31 28 30 29 30 28
Transfer Session 23 19 21 23 25 21 28 24 26
KR Group
Training Sessions Subjects (10)
SI 29 32 28 28 31 31 28 29 32
S2 32 30 31 29 32 33 30 28 32
S3 28 30 26 27 27 29 29 26 30
S4 31 28 30 28 32 34 28 28 33
Transfer Session 29 30 27 28 31 25 28 27 32
Q + KR Group
Training Sessions Subjects (10)
SI 33 30 '33 32 28 31 31 29 31
S2 34 32 34 34 32 31 32 35 30
S3 33 31 31 33 32 34 31 33 32
S4 32 34 35 34 33 34 33 35 32
Transfer Session 25 26 24 25 28 26 27 23 30
Control Group
Training Sessions Subjects (10)
SI 24 21 18 20 22 25 16 17 26
S2 21 19 17 19 17 22 18 16 21
S3 23 22 20 25 24 25 19 22 23
S4 19 21 16 26 22 24 17 19 20
Transfer Session 17 20 19 23 20 18 19 24 22
35
33
33
31
23
27
28
24
28
26
33
35
34
35
21
21
19
22
19
23
TABLE 5: RAW DATA OF COMMISSIVE ERRORS (EXPERIMENT ONE)
Cueing Group
Training Sessions Subjects (10)
SI 1 5 0 2 2 B 4 2 2
S2 0 2 0 1 3 4 0 0 2
S3 2 3 1 0 3 6 3 2 1
S4 0 2 0 2 0 4 2 1 3
Transfer Session 2 1 1 3 1 4 2 0 2
KR Group
Training Sessions Subjects (10)
SI 4 7 5 5 2 5 1 3 4
S2 3 5 4 3 1 4 1 2 5
S3 4 4 3 2 1 2 3 3 . 4
S4 3 5 4 3 2 3 2 1 3
Transfer Session 2 4 5 3 2 3 1 2 4
0 + KR Group
Training Sessions Subjects (10)
SI 4 2 1 3 5 6 3 1 2
S2 2 0 1 2 4 3 2 1 2
S3 0 1 0 3 3 6 0 2 1
S4 1 2 2 4 3 4 .3 1 2
Transfer Session 2 1 0 3 2 4 3 1 1
Control Group
Training Sessions Subjects (10)
SI 6 9 8 5 2 5 3 6 7
S2 5 3 4 5 2 8 5 2 6
S3 6 8 6 4 4 6 2 3 5
S4 5 7 8 6 2 4 3 5 6
Transfer Session 7 8 5 4 2 3 1 3 4
3
2
1
2
1
3
2
2
4
1
4
3
3
2
3
4
5
2
5
4
Table 18; Analysis of variance for correct detections for
experimental conditions and sessions of training (Expt I)
A IS AN.;:INDEPENDENT GROUP FACTOR 
B IS A REPEATED MEASURE FACTOR 
C IS THE .NESTED,•SUBJECTS FACTOR
FACTOR ORDER ON INPUTABC
SOURCE SUN SQUARES DF MEAN SQUARES" F ....
A 3550. 2250 . 3 - ... 1183.6417. 118.24 CSD
B ' 16.0250 .. 3 ' 5.34 17 2 .93 ..cs)
AB -4 282. 6250 
ERROR TERMS " ;
9 31.4 028 17.23 (SD
A
B
AB 4
360.3500 36 10.0097
196’. 8500 108 1.8227
_ _.. .. . .
GRAND MEAN 28.5875
MEANS OVER A
1 ;■/. 31. 7500
 2...........29. 4 0 0 0 ..
T3 , ; 32.5250
4 20.6750 '
MEANS OVER B v - •
'1 28.6500
; 2 4 29.0750 ...
- :  28.3750 "
4 - 23.2500
END OF ANALYSIS GOODBYE
Table 33 : Analysis of variance for correct detections for
experimental conditions concerning the transfer 
session (Expt I)
A IS AN INDEPENDENT GROUP FACTOR 
B IS THE NESTEDv S U B JECTS FACTOR
FACTOR ORDER ON INPUTAB
SOURCE SUM .SQUARES DF.■ , MEAN SQUARES
A 320.3000 3 " : i0 8 0 1000
ERROR TERMS - - :L,-
A ' ;229.2000 36 6 . 3778: "
GRAND MEAN 24.4500
MEANS OVER A ' ; / -R ; 0
1   2375000
2 28.3000
3 2 5 . 5 0 0 0 :
4 ,20,5000. 
END OF ANALYSIS GOODBYE
F
16.94
Table 20: Analysis of variance for correct detections for the
first session of training and transfer session (Expt
A IS AN I INDEPENDENT GROUP. FACTOR
B IS A REPEATED MEASURE FA CT'OR
C IS THE NESTED ? SUBJECTS FACTOR. ■ ' . ■ :. - - : -T5:■4;; 9 .
FACTOR ORDER,ON INPUTABC ■7. ■ .. . .. 7.9",9 TJTSOC ■ 7- .-EOF 7 ■
SOS S’.E SUM SQUARES DF
•• \ . . .
■ MEAN SQUARES F
A 707.3000, 3 • 235.7667 , -.. 39.02 - (S)
B 238.0500 1 238.0500 45.22 (S)
AB : 5/3.4300 S 181.1500 36.31 9 :2CS)
ERROR TERMS
A - 217.5000 36 • 6.0417
B
AB 189* 5000 36 5.2639 . .; . : .
GRAND MEAN 26.. 5500
rOv.
MEANS OVER A
......N
1 31.2500
2 ■ ; 26. 0500
3 .......... 25.9000
4 23*0000 
MEANS OVER 3
1 - 28*2750.:
2 24* 323-0 
END: OF ANALY81S GOODBYE
Table 21: Analysis of variance for correct detections for last
session of training and transfer session (Expt I)
A IS AN-IINDEPENDENT GROUP FACTOR, 
" B 13'A REPEATED MEASURE FACTOR 
• C X 3 THE -N£S7Ed 'a ,.SUB JECTS F A CTOR
FACTOR ORDER. ON INPUT ABC -
SOURCE SUM SQUARES DF MEAN SQUARES F
A 435.4000 3 , 145.1333 .7 27.38 (S)
Q ■' 193.4500 1 198.4500 34.85 • (S3
AB 944„5500 7 3 .r:9 9 :7; 314.8500 7 729 55.29 (S)
e r r o r ' •TERMS'
A 190.8000 •*7« /. 5.3000
B ■■w- ■. ■ . ■ 77.' ,. .9 ' 7 '774 ■ ; 9  \ :99 .777, 7 7 ^ 7
AB 2 l'5.CQOO 36 ' V  5. 6944
• G R A N D  MEAN 26.3500
MEANS OVER A ......
1 ; 29.5000
2 27.0000
3 25.9000
4 23.0000 
9: MEANS' OVER B 7 - ' 9 9 ;7-7'-'
1........... 27.9250
7 "' 7, 2 7 : 24.7750
" END OF ANAL VS IS GOODBYE:
\
Table 22: Analysis of variance of false alarms for experimental
conditions and sessions of training (Expt I)
IS AN INDEPENDENT GROUP FACTOR .
C IS THE N E S T E D ;X SUBJECTS FACTOR 
FACTOR ORDER ON IMPUTABC
B is a REPEATED MEASURE FACTOR
SOURCE S U M  SQUARES 
A 206.5687
B 27.4687
AB 5. 6562 v, .
ERROR TERMS 
A 238.3750
B : '
AB 137.1250
Dr
3
3
9
100
MEAN SQUARE? 
6 8 .S O 62 
9.1562 
0 .6285
6.6215
; 1. 2697
F
10.39
7.21
0.49
(SI
(S3
(IMS)
'GRAND MEAN ' 
MEANS OVER A
1 : - -
MEANS OVER B 
1
4
END OF ANALYSIS
3 , 1062
. 9750 
3. 1 /' DU 
2'. 3500 
4.9250
'3, 8000 
2,7250 
2.8750 
So 0950 
GOODBYE
Table 23: Analysis of variance of false alarms for experimental
conditions concerning the transfer session (Expt I)
A IS AM IMDEPE MDEMT GROUP FACTOR 
8 IS: THE UESTED, SUBJECTS FACTOR
FACTOR . ORDER; ON INPUTAB
SOURCE SUM SQUARES DP MEAN SQUARES F
A 34*2750 3 • 11*4250. .. 4 05 [si
ERROR TERNS
A 83 *1 000 3 6 2 *3 0 6 3
GR AMD MEAN. 2.62.5 0.... ........
MEANS OVER A : .S ’ .■ ■
1 '1 *7000 " ............ ...........
2 2*7000 —
■ 3 "2. 0000 ' ■ -
4 4.1000
END .OF .ANALYSIS GOODBYE , '
\
Table 24: Analysis of variance of false alarms for the first
session of training and transfer session [Expt I)
A IS AN INDEPENDENT GROUP FACTOR 
B IS A REPEATED MEASURE FACTOR.
C IS THE NESTEDr SUBJECTS FACTOR
FACTOR ORDER ON INPUTABC
IPOS
A
B
AB
EFT
A
B
AB
SUM SQUARES ■ OF . HEAM SQUARES
44.8375 1 4 9 4 5 8
57. .= 1 125 i 56. :i. 125
A.. 9375 3 2=3125 :
NS ....  '
7 S. 0500 3 A 2=1958
128=4500 3 A ’ 3 = 5681
F
6.80 
15.72. 
0.64
GRAND MEAN 
MEANS OVER A 
X .
MEANS OVER B 
1
3000 
3000 
2*2000 
3 =,0500
4.
2=3750 
4 ,= 0 50O
El NI j 0 F A N A L Y S l S . . G 0 0 D B Y E
(S)
.(S)
(NS)
Table 25: Analysis of variance of false alarms for last session
of training and transfer session (Expt I)
A IS AM INDEPENDENT GROUP FACTOR 
B IS A REPEATEDsMEASURE FACTOR 
C IS THE NESTED S'SUBJECTS F A CTOR
FACTOR ORDER ON INPUTABC -
SOURCE SUM SQUARES DF I MEAN SQUARES F '
A 3 L '! ~j 3 1 O „ 4333
B 64 3 'u O 1 6 4 „ 8000 5.98 (SJ
AB ......... 8 „ UoO-.> . 3 : 2=8333 26.59 (S)
ERROR TERMS ... - : f i\|c i
A 63, moo 36. 1 r 7528 1 ’16 CNS3
B '2-2""" ?:T-s;
AB 87'. 7000 36 3 n 4361
GRAND MEAN .* 3 . -1 *.
MEANS,OVER A
- 1 ■ 3 jOOO
2 3=7500
"3 2=2000
4 3,0500
MEANS OVER B
1 1=9250-
2 3.7250 
END OF ANALYSIS GOODBYE

APPENDIX B
TABLE 10 : RAW DATA FOR DETECTIONS (EXPERIMENT TWO)
TRAINING SESSION
Group FKR
Periods Subjects (12)
PI 6 B 4 5 . 7 9 6 8 5 4 6
P2 7 5 5 8 7 8 9 8 6 6 7
P3 9 7 8 9 8 9 8 6 7 5 8
P4 7 8 6 8 8 9 7 5 8 7 8
Group PKR
Periods Subjects (12)
PI 7 5 3 6 8 4 9 7 6 4 5
P2 5 4 4 4 5 4 7 5 6 5 3
P3 5 5 4 5 6 6 5 7 4 5 5
P4 4 6 5 4 5 6 6 5 7 5 4
Group NKR
Periods Subjects (12)
PI 4 3 6 5 7 5 4 6 5 4 7
P2 4 4 2 5 5 3 4 3 4 3 5
P3 3 5 4 6 6 5 5 3 2 5 4
P4 5 6 5 3 5 4 6 5 3 4 4
TRANSFER SESSION 
Group FKR
Periods Subjects (12)
PI 7 5 6 8 4 7 7 5 B 4 4
P2 9 5 6 4 5 8 5 7 4 3 7
P3 5 6 8 6 6 6 8 5 5 6 8
P4 8 7 5 7 7 9 6 8 4 5 8
9
9
8
9
7
B
8
6
8
6
5
5
7
4
7
7
Group PKR
Periods Subjects C12 3
PI 6 5 4 5 6 4 6 7 6 5 3 4
P2 6 6 4 3 3 5 5 6 5 3 2 3
P3 4 3 5 4 5 6 4 5 6 4 5 3
P4 5 6 5 3 B 5 8 7 6 5 3 4
Group NKR
Periods Subjects (123
PI 5 3 3 4 3 4 4 6 5 5 6 7
P2 4 5 2 3 4 3 5 4 3 5 4 5
P3. 3 4 2 4 5 2 5 5 4 2 5 3
P4 6 3 3 3 4 5 4 4 3 2 5 4
TABLE 11: RAW DATA OF FALSE ALARMS (EXPERIMENT TWO]
TRAINING SESSION
Group FKR
Periods Subjects (12]
PI 4 0 3 0 2 5 2 4 2 7 5 6
P2 2 1 2 1 0 4 0 0 1 6 * 4 5
P3 1 0 0 0 1 5 0 2 1 6 3 3
P4 0 1 1 2 0 6 1 1 2 4 1 4
Group PKR
Periods Subjects (12]
PI 6 2 4 3 1 7 3 4 8 3 2 2
P2 5 1 5 3 0 5 2 2 7 2 3 0
P3 4 0 6 3 3 5 1 2 5 1 ' 2 1
P4 5 2 5 4 1 5 2 3 6 2 3 3
Group NKR
Periods Subjects (12]
PI 5 5 4 2 4 4 1 5 7 6 3 3
P2 4 5 3 5 2 7 4 5 7 9 4 5
P3 4 2 6 4 2 6 5 6 6 7 5 3
P4 6 4 6 5 3 6 4 5 5 8 6 8
TRANSFER SESSION
Group FKR
Periods Subjects (12]
PI 2 0 1 0 2 3 1 0 1 3 2 2
P2 3 1 0 1 1 2 1 2 0 2 1 2
P3 2 0 0 1 0 2 0 1 2 1 2 3
P4 1 0 0 1 2 1 2 0 1 3 1 2
Group PKR
Periods Subjects C12]
PI 3 1 3 0 1 i 0 2 6 3 4 2
P2 3 0 2 1 2 4 1 0 7 2 4 3
P3 2 2 3 1 0 3 1 2 5 2 5 1
P4 3 1 4 2 0 1 1 2 . 5 1 3 2
Group NKR
Periods Subjects C12)
PI 5 2 6 3 2 3 4 4 5 7 6 3
P2 3 4 2 4 1 4 1 3 3 4 5 2
P3 5 2 3 2 1 3 2 2 5 4 3 2
P4 4 5 2 3 2 5 2 4 3 3 5 4
Table 26: Analysis of variance for correct detections for
experimental conditions, training versus transfer 
and periods (Expt 113
A IS 
B IS 
C IS 
D IS
ASM INDEPENDENT GROUP FACTOR 
A REPEATED MEASURE FACTOR 
A REPEATED MEASURE FACTOR 
THE NESTED, SUBJECTS FACTOR
FACTOR ORDER ON INPUT8ACD
SOURCE SUM SQUARES DF MEAN SQUARES F
A 271,3611 2 135,6806 30.01 (S3
B 37,5556 1 37.5556 23.87 (S3
AB 2,7778 2 1,3889 0.88 (NS)
C 15,59/2 3 5,1991 3.go (s)
AC 31.1944 6 5,1991 3.90 (S3
BC 2,33 3 3 3 0 . 777 8 0.63 (NS)
ABC 7,3333 6 1 = 2222 o.gg (NS)
ERROR TERMS
A 149.2083 33 4.5215
B
AB . 51.9167 33 . 1-5732
C
AC 131.9583 99 1,3329
BC
ABC 122.0833 99 1.2332
GRAND MEAN 5.3264
MEANS OVER A
1 6.6250
2 5.0625
3 4,2917 
MEANS OVER B
1 5,6875
2 4,9653 
MEANS OVER C
1 5.5000
2 4,9444
4 5,5278 
END OF ANALYSIS GOODBYE
Table 27: Analysis of variance of false alarms for experimental 
conditions, training- versus transfer and periods 
(Expt II)
A IS AIM INDEPENDENT GROUP FACTOR 
B IS A REPEATED MEASURE FACTOR 
C IS A REPEATED MEASURE FACTOR 
D IS THE NESTED, SUBJECTS FACTOR
FACTOR ORDER ON INPUTBACD
SOURCE SUM SQUARES DF MEAN SQUARES F
A 250.. 2986 125.1493 9.49 (S)
B 92.2535 1 32.06 (S)
AB 2.1736 ui! 1.0863 0.38 (NS)
C 11.9549 EC :9850 4.17 (S)
AC 7 .2S47 1 . 214i 1.27 (NS)
BC 0.7049 0.2350 0.22 (NS)
ABC 28.409 7 6 4.7350 4.59 CS)
e r k u r TERMS
A 434.7396 •2' O 13.1739
B
AB
•"**
94 ,,9479 33 2.3772
AC 94.3854 QQ 0. ‘9534
BC
ABC 102.0104 C! Cj 1.0304
GRAND MEAN 2.8576
MEANS OVER A
1 1.7917
2 2. 7187
3 4.0625 
MEANS OVER B
1 3.4236
2 2 „ 2 9 i 7 
MEANS OVER C
1 3.1523
2 . 2,. OiCUS­
S' 2 ,.5833
4 2»6889 
END OF ANALYSIS GOODBYE
APPENDIX C
TABLE 15: RAW DATA FOR DETECTION (EXPERIMENT III)
TRAINING SESSION
I. GROUP CUEING (Q)
Periods Subjects (8)
PI 9 8 5 9 7 8 10
P2 8 10 5 8 6 10 9
P3 8 6 7 9 6 7 8
P4 6 '8 5 9 7 8 7
II. GROUP KNOWLEDGE OF RESULTS (KR) 
Periods Subjects (8)
PI 8 9 10 10 7 5 8
P2 6 7 8 10 7 6 9
P3 9 10 8 11 9 5 8
P4 8 9 6 7 10 6 9
III. GROUP' FADING Q (FQ)
Periods Subjects (8)
PI 8 7 6 7 8 6 8
P2 7 6 7 6 9 5 6
P3 5 6 5 6 5 7 6
P4 8 5 4 6 7 4 ' 7
IV- GROUP FADING KR (FKR)
Periods Subjects (8)
PI 9 7 8 9 7 10 6
P2 8 9 6 8 7 8 5
P3 7 8 5 7 5 8 6
P4 8 7 6 4 7 7 8
4
5
7
6
9
10
7
B
7
7
4
9
5
5
5
6
V. PRE + FQ GROUP
VI.
VII.
Periods Subjects (83
PI 7 10 8 10 8 10 9 9
P2 9 8 11 9 7 11 10 ' 11
P3 10 9 10 7 7 10 11 8
P4 9 7 8 10 8 11 10 10
PRE + FKR GROUP
Periods Subjects (83
PI 10 7 11 10 9 8 9 10
P2 9 10' 7 11 7 10 7 11
P3 11 9 9 8 10 7 11 8
P4 7 9 11 10 10 8 9 11
CONTROL GROUP
Periods Subjects (83
PI 5 4 7 3 6 3 5 4
P2 4 6 5 4 3 8 5 3
P3 3 4 6 5 4 9 6 2
TABLE 15 CCont’d)
TRANSFER SESSION
I. GROUP CUEING CQ3
Periods Subjects (8)
PI 7 6 4 8 7 6 8 5
P2 8 7 6 6 8 8 6 5
P3 8 5 7 5 7 6 7 6
P4 7 B 4 6 9 8 4 3
II. GROUP KNOWLEDGE OF RESULTS C KR 3 
Periods Subjects (8]
PI 6 8 9 8 7 6 7 5
P2 8 5 10 7 9 7 6 5
P3 6 7 9 10 7 4 5 7
P4 7 8 7 6 B 8 8 6
III.' GROUP FADING Q CFQ)
Periods Subjects (8)
PI 7 6 9 5 7 5 7 9
P2 7 4 B 8 6 3 6 8
P3 6 5 ' 7 4 5 5 6 5
P4 4 7 6 7 4 3 5 7
IV. GROUP FADING KR (FKR)
Periods Subjects (8)
PI 8 9 7 6 7 10 4 6
P2 5 8 7 5 6 7 4 9
P3 7 7 6 4 5 7 3 8
P4 6 9 7 4 7 6 5 7
V. PRE + FQ GROUP
Periods Subjects (8)
PI 10 9 7 10 11 9 11
P2 10 10 9 8 9 7 8
P3 11 8 9 8 9 6 10
P4 8 7 10 9 8 9 9
PRE + FKR GROUP
Periods Subjects (8)
PI 6 8 10 9 11 9 11
P2 9 10 7 8 10 7 10
P3 7 7 9 10 8 10 8
P4 10 7 6 9 10 9 11
CONTROL GROUP
Periods Subjects (8)
PI 4 3 6 4 2 4 6
P2 3 4 5 3 5 7 5
P3 5 3 6 5 5 6 4
P4 2 5 5 3 4 6 6
8
9
8
6
9
11
11
10
3
2
3
4
Table 28: Analysis of variance for correct detections for experimental
conditions, training versus transfer and periods (Expt III]
A IS AN INDEPENDENT GROUP FACTOR 
B IS A REPEATED MEASURE FACTOR 
C IS A REPEATED MEASURE FACTOR 
D IS THE NESTED? SUBJECTS FACTOR
FACTOR ORDER ON INPUTBACD
SOURCE SUN SQUARES DF MEAN SQUARES F
A 985 * 0536 6 164.1756 28.36 CS]
B 35.4375 1 35.4375 12.89 CS)
AB 9.8750 6 1.6458 0.59 (NS)
c: 16.0893 3 5.3631 2.83 CS)
AC 29.5357 18 1.6409 0.86 (NS)
BC 0.2589 3 0.0863 0.05 (NS)
ABC 9.4286 18 0.5238 0.35 (NS)
ERROR TERMS
A 283.6250 49 ■ 5.7883
B
AB 134.6875 49 2.7487
C
AC 278.3750 14 7 1.8937
BC
ABC 219.3125 147 1.4919
GRAND MEAN / . 0 9 '
MEANS OUEE A
1 6.8437
6 7.5156
3 6.1406
4 6.6719
5 8.9375
6 9.0781
....
/ 4.5000
MEANS OVER B
1 7.3795
n 6.8170
MEANS OVER C
1 7.3661
*">
A*.. 7.1875
3 6.9286
4 6.9107
END OF ANALYSIS GOODBYE
Figure 13: A demonstration of cognitive pre-training as used in the
third experiment
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